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CHAPTER  I
 
INTRODUCTION AND LITERATURE REVIEW
 
Introduction
 
The filbert leafroller, Archips rosanus L.
 (Lepidoptera
 
:Tortricidae) is an important pest of fruit trees in Europe
 
and North America (Chapman 1973, Blommers 1994).
 It attacks a
 
large number of plant species including  apple (Ciglar 1983,
 
Blommers and Trapman 1985, Reede et al. 1985),  pear (Gendrier
 
1985), pomegranate (Koshkarova and Zhigarevich 1985), rose
 
(Grodskii 1985, Tsybulskii et al. 1984),  stone fruits
 
including cherry (Zoshita 1984, Minyailo et al.1985),
 
cranberry (Targonskii 1984), citrus (Mourikis and Alexopoulou
 
1974) and hazelnut (AliNiazee 1980). In British Columbia,
 
(from where it probably made the first entry to western North
 
America), it has been reported from 12 species of plants;
 
apple, rose, privet and dogwood are the primary hosts (Mayer
 
and Beirn 1974)  It is also a pest of blueberry (Madsen 1976)
 .
 
,
 
cranberry and raspberry (Gillespie and Beirne 1982) in that
 
province.
 
A. rosanus, a native of Europe, was introduced to north­
eastern America prior to 1890 (Comstok and Slingerland 1890,
 
Chapman and Lienk 1971) and to the Northwest about 1915
 2 
(Blackmore 1921, Gibson 1924). Because of its ability to feed
 
on a number of  ornamental plants, it has become established
 
in both these areas (AliNiazee 1977). In Oregon, hazelnut
 
(filbert) infestations were recorded in the  1950's (Thompson
 
and Every 1958, Powell 1964, AliNiazee 1974,  1976, 1977)
 
although it must have been in the area for many years prior to
 
that date. Serious infestations of hazelnut were repeatedly
 
mentioned in earlier reports (Thompson and Every 1958).
 
This leafroller species is a foliar feeding pest, which
 
occasionally causes damage to young, developing nuts of
 
hazelnut during late April and May (AliNiazee 1983b).  In young
 
trees, where the foliage is limited, heavy infestation may
 
cause defoliation and stunted plant growth (AliNiazee 1974).
 
Nearly 70-80% of the Oregon filbert acreage is infested by
 
this pest.
 
A. rosanus overwinters in the egg stage. The eggs are
 
deposited in masses, averaging about 50 eggs/mass and are laid
 
on the clean parts of the main trunk and major branches. The
 
seasonal cycle of this insect is regulated by diapause which
 
is expressed in the egg stage and serves as a pathway between
 
favorable and unfavorable environmental conditions. Several
 
environmental factors such as photoperiod and temperature are
 
known to play an important role in diapause induction,
 
development, termination and post-diapause development
 
(Andrewartha 1952, Lees 1955, Beck 1968, Danilevskii 1965,
 
Danilevskii et al. 1970, Anderson 1970, Kamm 1973, Powell
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1974, Tauber and Tauber 1974, Riedl et al. 1976, Riedl and
 
Croft 1978, Gangavalli and AliNiazee 1985, AliNiazee 1988).
 
The effect of interacting environmental factors during all
 
phases of diapause can regulate the phenology of an insect
 
species. Temperature driven phenology models are important
 
components of the filbert Integrated Pest Management (IPM)
 
program in Oregon (AliNiazee 1983a, Calkin et al. 1983).
 
However, the role of temperature and photoperiod (the most
 
important components of the environment) on the developmental
 
biology (including larval development, adult emergence,
 
longevity, oviposition, and fecundity) of A.  rosanus is
 
unknown.
 
The diapause development, termination and the
 
post-diapause development phases represent vital physiological
 
events in the life cycle of an insect species. The degree of
 
flexibility and timing of these events reflect the quality and
 
success of adaptation of an organism to its environment. Also,
 
modern insect management programs require accurate information
 
on these responses and their causal factors. In spite of the
 
economic importance of A. rosanus on different crops, little
 
information is available regarding the seasonal phenology and
 
developmental biology of this insect. Such information is
 
essential for the development of more meaningful phenology and
 
pest management models. The purpose of this study was to
 
investigate the seasonality, development biology, and diapause
 
of A. rosanus from Oregon. The relationship of temperature and
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photoperiod to diapause induction, maintenance and termination
 
was investigated under laboratory and field conditions. The
 
thermal unit (TU) requirements for egg hatch, larval
 
development, adult emergence and oviposition were calculated
 
and a simple phenology model was developed and is presented in
 
this thesis.
 5 
Literature Review
 
As commercial culture of deciduous fruits expanded in
 
North America during the last century, many native insect
 
pests adapted to them as new hosts. An important group among
 
those insect pests were tortricids which have become a major
 
component of the insect fauna on tree fruits and nuts
 
including hazelnut (filbert), Corylus  avellana (L). In
 
addition to native tortricid, there are a significant number
 
of introduced species in this family which followed the spread
 
of this plant species around the world and became economic
 
pest problems.
 
The European leafroller (Chapman and Lienk 1971), A.
 
rosanus which is commonly referred to as the filbert
 
leafroller in Oregon (Thompson and Every 1958), has been a
 
pest of cultivated filberts, in Oregon's Willamette Valley for
 
the past 50 years. This well-known pest of fruit trees in
 
Europe (Chapman 1973, Blommers 1994) is classified as a
 
polyphagous species.
 
A. rosanus is primarily a foliar feeding pest which
 
attacks many plants including apples, pear, cherry, plum,
 
walnut, mint, rose, privet, oak, alder, dogwood and many
 
ornamental woody plants (Freeman 1958, Chapman and Lienk 1971,
 
Powell 1964, Thompson and Every 1958, AliNiazee 1974). The
 
position of apple as a primary host has been well established
 
in Europe. However, it has not demonstrated this preference in
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North America (Chapman and Lienk 1971). In Oregon, it is  a
 
serious pest of cultivated hazelnut (filbert). Over the years
 
it has caused substantial damage to this crop (AliNiazee 1976,
 
1977) both to foliage and young, developing nuts. Nearly 70­
800 of Oregon's filbert acreage has been infested by this
 
pest (AliNiazee 1974).
 
There is a void of data regarding the developmental 
biology of the filbert leaf roller; although preliminary 
biological studies were reported by Chapman and Lienk (1971) 
and Chapman (1973). AliNiazee (1977) described the life cycle 
from Oregon. Adults are dull colored (light to dark brown) 
insects with thin dark brown transverse lines on the wings, 
the females are slightly lighter than males with distinct 
brown oblique bands from the middle of the costa to the area 
before the tornus. Another brown triangular spot occurs on the 
lower 3rd of the forewings. In males, these bands are much 
darker, and are accompanied by blackish brown bands toward the 
apex.  A  more complete description of adults is given by Busck 
(1920), Freeman (1958) and Bradley et al.  (1973). Males are
 
slightly smaller than females. Eggs are deposited on the clean
 
trunk and scaffold branches of filbert trees in masses,
 
averaging 50 eggs/mass. The head capsule widths of larvae
 
collected in the field indicated the presence of five instars.
 
The first larval instar is small and light green with a
 
distinct dark brown head capsule and brown prothoracic shield.
 
The first and second instar larval instars period varies from
 7 
2-3 weeks. The third instars are dark green with a distinct
 
dark brown head capsule and prothoracic shield. Female larvae
 
are slightly larger than males. Male 4th and 5th instars  are
 
easily distinguished by the appearance of whitish gonads
 
visible through the larval integument. Their larval  period
 
varies from 7-15 days each. There is a large degree of
 
variation in the body size among larvae,  as well as a
 
considerable degree of overlap between various instars.
 
However, body length is much easier to use in the field than
 
head capsule width to determine instars. Pupation occurs
 
within the rolled leaves made by larvae. The adults  emerge
 
within 1-2 weeks after pupation. A.  rosanus completes only one
 
generation per year throughout the different geographical
 
regions of North America. Chapman and Lienk (1971) and
 
AliNiazee (1977) reported that it is univoltine in Europe as
 
well.
 
The seasonal cycle of the filbert leafroller is regulated
 
by diapause. Several environmental factors such as photoperiod
 
and temperature are known to play an important role in
 
diapause induction, development and termination. The role of
 
photoperiod in insect diapause and seasonality has been
 
discussed by many authors. Some of the most comprehensive
 
reviews include those of Andrewartha (1952), Lees (1955),
 
Danilevskii (1965), Danilevskii et al.  (1970), Tauber and
 
Tauber (1974 and 1976) and Beck (1968). Diapause is a dynamic
 
state during which specific physiological processes occur
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(Andrewartha 1952). Different environmental factors,
 
particularly photoperiod and temperature interact to determine
 
the occurrence of diapause and the physiological processes.
 
For instance, the photoperiodic and thermal responses vary
 
during early and late diapause. A decreasing role of
 
photoperiod in diapause termination has been suggested by
 
Danilevskii et al.  (1970), Tauber and Tauber (1973), and Beck
 
(1986) for several insect species. However, in some other
 
insects, the photoperiod plays a key role in diapause
 
termination (Anderson 1970, Kamm 1973). The emergence dates of
 
individuals from diapause vary substantially under field
 
condition, resulting in long, drawn out emergence periods in
 
some insect populations (Moris and Fulton 1970, Powell 1974).
 
Since the phenology of various biological events of a
 
given insect species is closely related to the characteristic
 
of diapause and post-diapause, many authors have developed
 
pest management strategies based on time and temperature
 
relationships as a key element (AliNiazee 1979, Pruess 1983).
 
Batiste et al.  (1973) determined the oviposition and hatch
 
pattern of codling moth eggs, thus helping to develop a
 
forecasting system for the first egg hatch in the field. Reidl
 
et al.  (1976) suggested that forecasting based entirely on
 
climatic data without reference to population trend lacks
 
realism and accuracy, and he proposed the use of biological
 
fixing points such as pheromone trap catches for initiating
 
model prediction. Lewis et al.  (1977) showed that it is
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possible to predict the egg hatch of pea moth, Cydia nigricana
 
by using sex pheromone trap catch data and accumulation of
 
thermal units. Temperature driven phenology models are
 
important components of the filbert Integrated Pest Management
 
(IPM) program in Oregon (AliNiazee 1983a, Calkin et al. 1983),
 
as well as many other IPM programs in other crops (AliNiazee
 
and Farooqi 1995). Diapause, in general, is developed either
 
as a facultative or an obligatory response. Danilevskii  (1965)
 
and AliNiazee (1977) reported that A.  rosanus has an
 
obligatory diapause which normally is broken by winter
 
weather. However, the role of temperature and photoperiod on
 
diapause in this insect is unknown. Since diapause induction,
 
development and termination represent vital physiological
 
events in the life cycle of an insect species,  the degree of
 
flexibility and timing of these phenological  events reflect
 
the quality and success of adaptation of an organism to its
 
environment.
 
The seasonal cycle of the filbert leafroller has been
 
described by Markelova (1957), Chapman and Lienk  (1971),
 
Chapman (1973), and AliNiazee (1977) from different geographic
 
regions. All investigators indicated that this  species
 
overwinters in the egg stage, eggs hatch in early spring
 
depending on temperature and can be predicted by using a
 
degree days accumulation model. Using this approach,  the
 
beginning egg hatch was predicted to occur at about 40 degree
 
days over the basic threshold of 8°C starting Jan 1st
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(AliNiazee 1977). The egg hatch continues for about 3 weeks,
 
and the appearance of first instar larva appears to be well
 
synchronized with the beginning of bud growth. Larvae are
 
found in April and May, and the pupae are found in the rolled
 
leaves during late May and early June. Adults emerge in June
 
and early part of July, and are active until the middle of
 
August. Females deposit eggs in masses, ranging from 16-137
 
with an average of about 50, immediately after the emergence
 
of a large number of adults. The diapausing eggs spend almost
 
9-10 months in this stage and hatch the following spring.
 
A large number of parasitoids, many of which attack other
 
leafrollers, are found associated with A.  rosanus. Mayer and
 
Beirne (1974) reared 28 parasitoid from larvae and pupae
 
collected from apple in British Columbia. AliNiazee (1977)
 
recorded nine major parasitoids from this insect collected in
 
Oregon.
 
Since the identification of A. rosanus sex pheromone
 
(cis-11-tetradecenyl acetate and cis- ll- tetradecen-1 -01) by
 
Roelofs et al.  (1976), pheromone traps have been used to
 
compare efficacies of virgin females with synthetic
 
attractant, the effect of female age, timing of male
 
attraction to virgin females and monitoring population levels.
 
AliNiazee (1976) found that a synthetic sex attractant
 
dispenser containing a mixture of the two pheromonal compounds
 
attracted over 50 times more males than the virgin females. He
 
also found that the virgin females of all  ages were
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attractive, though the younger females (7 days or less) were
 
slightly more attractive than the older ones. In monitoring
 
population levels, traps baited with the sex pheromone of A.
 
rosanus caught high numbers of males but the numbers did not
 
correlate with other population estimates (Madsen 1976). This
 
work suggested a need for further studies on trap placement.
 
In the same year, AliNiazee (1976) reported that  open traps
 
placed at heights of 0.6 and 1.2m above ground were
 
significantly more effective than traps at other heights.
 
Control of filbert leafroller in commercial apple
 
orchards is similar to the control of the other leaf rollers
 
(Madsen et al. 1977). Organophosphate and carbamate
 
insecticides applied during the month of April and May are
 
effective. Bacillus thuringiensis (Bt) has been used in
 
filbert orchards in places of broadspectrum insecticides as
 
part of an integrated control program (AliNiazee 1974).
 
Delayed dormant sprays of oil and insecticides are effective
 
in controlling A. rosanus eggs. Newer formulations of B.t. and
 
insecticides based on neem seed extracts are also highly
 
promising (AliNiazee et al. 1995)
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CHAPTER  II
 
INFLUENCE OF PHOTOPERIOD AT DIFFERENT TEMPERATURES ON THE
 
DEVELOPMENT OF THE FILBERT LEAFROLLER, ARCHIPS ROSANUS L.
 
(LEPIDOPTERA: TORTRICIDAE) IN THE LABORATORY
 
Abstract
 
The developmental rates of the filbert leafroller,
 
Archips rosanus L.  (Lepidoptera: Tortricidae) from the
 
Willamette Valley, Oregon were studied in the laboratory under
 
different photoperiodic and temperature conditions. Results
 
indicated that both temperature and photoperiod had a
 
significant (p > 0.01) influence on the developmental rate
 
function. Although the temperature effect was expected, the
 
significant role of photoperiod was surprising. The longest
 
mean developmental time 99.6 ± 8.4 days, 98.2 ± 7.3 days, and
 
98.8 ± 7.8 days was recorded for female, male, and combined
 
sex, respectively, at 12°C and 16L:8D photoperiod. The shortest
 
mean developmental time, 21.2 ± 0.5 days for the male and 22.1
 
± 0.5 days for combined sex occurred at 28°C and OL:24D
 
photoperiod. The shorter mean developmental time of 22.6 ± 0.3
 
days was observed for the females at 28°C and 20L:4D
 
photoperiod. The fastest growth occurred at 24L:OD
 
photoperiodic treatment and the slowest growth occurred at
 
16L:8D photoperiod.
 
The larvae spent the longest time in the fifth instar.
 
This was followed by the first, fourth, second and third
 13 
instars. Approximately 27.4% of the total larval time was
 
spent in the fifth, 25.7% in the first, 16.3% in the fourth,
 
15.7% in the second and 14.9% in the third. At 28°C, the larvae
 
spent 4.6 days in the  fifth instar, 3.7 days in the first
 
instar, 2.7 days in the fourth instar, 2.6 days in the second
 
instar and 2.4 days in the third instar with a total larval
 
period of 16.0 days, while at 16°C the corresponding days were
 
9.7, 8.8, 5.9, 5.5, 5.1 and 35.1 days. Days required for
 
neonate larvae to reach adult stage was significantly
 
different among the different constant temperatures (P  >
 
0.01). At 12°C, 79.1 days were required to achieve 96.1% adult
 
emergence, the duration decreased as the treatment temperature
 
increased. The highest mortality of pupae was observed at 28 °C
 
followed by 24°C and 16°C. The lowest pupal mortality occurred
 
at 12°C. Approximately 43 days were required to achieve 93% of
 
adult emergence. The effect of temperature and photoperiod on
 
the growth and development of A. rosanus is reported here  for
 
the first time.
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Introduction
 
The filbert leafroller, Archips rosanus (L.) is a native
 
of Europe and a well known pest of fruit trees (Chapman and
 
Lienk 1971, Chapman 1973). It was introduced to northeastern
 
America prior to 1890 (Comstok and Slingerland 1890, Chapman
 
and Lienk 1971) and to the Northwest about  1915 (Blackmore
 
1921, Gibson 1924). It is now well established in these areas
 
(AliNiazee 1977). A. rosanus is a polyphagous insect which
 
feeds on a large number of host plants (AliNiazee 1977). In
 
Oregon, it is a serious pest of cultivated hazelnuts
 
(filberts), Corylus avellana L. and causes substantial damage
 
to this crop (Thompson and Every 1958, AliNiazee 1974, 1976,
 
1977).
 
Temperature and photoperiod are the two prominent
 
environmental factors that have a marked influence on biology
 
of an insect species. Many recent studies [i.e.  Logan et al.
 
(1976), Sharpe and DeMichele (1977), Williams and McDonald
 
(1982), Rock and Shaffer (1983), Boyne et al.  (1985),
 
Garcia-Salazar et al.  (1988) and others] have attempted to
 
describe the effect of temperature on insect development.
 
These studies showed that the increase in the  developmental
 
rates appeared to be linear to the increase in temperature
 
between 15-30°C and nonlinear above and below this range. The
 
photoperiod has been shown to influence post embryonic  growth
 
in some insect species (Beck 1962, 1980, Danilevskii 1965,
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1970, Kamm 1973, Riedl and Croft 1978, Gangavalli and
 
AliNiazee 1985), however, such data are limited.
 
Little is known about the influence of temperature and
 
photoperiod on the developmental biology of A. rosanus. Since
 
temperature driven models of the phenology are an important
 
component of the filbert IPM (Integrated Pest Management)
 
programs in Oregon (AliNiazee 1983, Calkin et al. 1983),
 
information on development of this insect in relation to
 
temperature is essential. Thus, the objective of this study
 
was to determine the effect of temperature and photoperiod and
 
the interaction of these two factors on the development of the
 
filbert leafroller.
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Materials and Methods
 
Insects required for this study were obtained from the
 
field by collecting eggs during late February and early March
 
of 1992 and 1993 seasons. Experiments were conducted by
 
placing egg masses in 9cm diameter plastic petri dishes, each
 
containing four egg masses. The petri dishes were lined with
 
9cm filter papers for retaining moisture and were covered by
 
lids having a 3cm diameter hole in each. The holes were
 
covered with fine mesh cotton cloth for aeration and avoiding
 
condensation of atmospheric vapors. The petri dishes
 
containing the egg masses were exposed to six different
 
photoperiods (0,  8, 12, 16, 20, and 24 hrs) under different
 
temperature (12, 16, 20, 24, and 28 ± 1°C) conditions and
 
constant humidity of 75 ± 10% R.H. for a total of 30
 
treatments. Percival model B-2 growth chambers were used to
 
maintain constant photoperiod and temperature. Egg development
 
studies were conducted with 480 egg masses with each egg mass
 
containing about 50 eggs. The sample size for each replication
 
was four egg masses, and each treatment was replicated four
 
times. Egg hatch was monitored daily.
 
Larval experiments were conducted by collecting and
 
transferring less than 24 hr old larvae to one ounce plastic
 
cups containing approximately 1.5g artificial diet. The
 
artificial diet was obtained from commercial sources marketed
 
as the codling moth diet (Bioserve, Frenchtown, NJ). The cups
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containing artificial diet were covered with plastic lids and
 
development was followed at 5 different constant temperature
 
treatments (12, 16, 20, 24, and 28 ± 1°C) with 0,  8,  12, 16,
 
20, and 24 hrs photoperiod and 75 ± 10 % R.H. The sample size
 
was ten individuals per replication, each treatment was
 
replicated four times. The combination of five different
 
temperature treatments and six photoperiods yielded a total of
 
30 different treatments. Larval development and pupal
 
formation was observed daily in all replications of these 30
 
treatments.
 
The pupal development under different  treatments was
 
studied by using the procedures described above.  Newly formed
 
pupae (less than 24 hrs old) were used in these experiment.
 
Each treatment was replicated four times; each replicate had
 
ten individuals. Pupal development was checked daily and the
 
experiment was terminated at adult emergence. The level and
 
pattern of adult emergence was recorded.
 
Data reported here include only those individuals that
 
survived to the next stage. Rate of development (1/number  of
 
days for development) was plotted against temperature for each
 
photoperiod treatment to perform regression analysis. The
 
analysis of variance was used to calculate the significance
 
among different treatments using SAS statistical program. The
 
temperature and photoperiod effects were evaluated separately
 
for each sex and by combing sexes.
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Results and Discussion
 
The mean developmental time for the different larval
 
instars and pupal stage of the filbert leaf roller from freshly
 
hatched larva to adult emergence are given in (Table II-1 to
 
9). Analysis of variance  indicates that both temperature and
 
photoperiod had individually and collectively influenced the
 
development. The larval development data (Table II-1 to 3)
 
show that the longest mean developmental time (66.7 ± 2.9
 
days, mean ± sd for male,  7.7
 ± 3.8 days, mean ± sd for
 
female and 69.1 ± 3.9 days,  mean ± sd for combined sex)
 
occurred at 12°C and 16L:8L photoperiod treatment and the
 
shortest mean developmental  time recorded at 28°C and OL:24D
 
photoperiod treatment (14.2 ± 0.3 days, mean ± sd for male and
 
15.3 ± 0.7 days,  mean ± sd for combined sex), and at the 28 °C
 
and 20L:4D photoperiod treatment for the female larvae  (16.1
 
± 0.2 days, mean ± sd). Looking across a given photoperiod but
 
different treatment temperatures, the developmental rate
 
differed substantially (Figure II-1 to 4), as treatment
 
temperature increased from 12 to 28°C, the rate of development
 
also increased. The relationship was linear at the
 
intermediate temperature but became nonlinear at high or low
 
temperatures (Figure II-1). Both sexes responded similarly.
 
At a given temperature, increasing levels of photoperiod,
 
did not show any relationship.  The developmental response to
 
changes in the photoperiod was completely non-linear and
 Table II-1. Influence of photoperiod at different temperatures on the developmental

time (Mean days ± sd)  of male larval stage of Archips rosanus.
 
Photoperiod  Temperature  ( °C)
 
hrs  12 16 20 24
  28
 
:
 L  D  Mean + Sd  Mean + Sd
  Mean + Sd  Mean + Sd  Mean + Sd
 
OL:24D  48.3cd 2.6  30.9b  1.7  21.7b  1.1
  17.1a  0.6  14.2a  0.3
 
8L:16D  47.9cd 3.1  31.6b  2.1  22.5b
  0.6  17.1a  1.5  16.0a  0.9
 
12L:12D  56.4b  4.6  36.7a
 2.7  23.4ab  1.3  17.6a  0.4  14.6a  0.4
 
16L: 8D  66.7a  2.9  39.1a
  1.3  26.1a  2.5  18.8a 2.2  16.2a  0.7
 
20L: 4D  50.1c  2.9  32.7b  1.1  22.8b  0.9  17.1a  0.9  15.1a  1.2
 
24L: OD  46.4d  3.8  32.2b  1.5  21.6b  1.5  15.9a 1.5
  14.8a  0.7
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table 11-2. Influence of photoperiod at different temperatures on the developmental

time (Mean days + sd)  of female larval  stage of Archips rosanus.
 
Photoperiod
  Temperature  ( °C)

hrs  12 16 20
  24  28
 
:
 L  D  Mean + Sd  Mean + Sd  Mean + Sd
  Mean + Sd  Mean + Sd
 
OL:24D  54.8bc 3.3  34.3c
 4.3  23.9b  0.5  19.6ab 1.5  16.7a  1.5
 
8L:16D  51.8c  5.5  33.7c
  1.9  25.4b  0.4  18.2b  0.7  16.2a
 0.8
 
12L:12D  56.4b  2.2  37.5b  0.9  26.8b
 2.2  19.1ab 0.8  16.5a  0.6
 
16L: 8D  71.7a  3.8  42.9a  1.6  30.9a
 2.1  21.5a  0.5  17.4a  0.4
 
20L: 4D  53.1c  1.1  34.7bc 0.7  24.2b
 0.9  19.2ab 0.2  16.1a  0.2
 
24L: OD  50.8c  6.1  33.0c  2.1
  24.6b  0.1  17.7b  0.1  16.3a  0.9
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table 11-3.	  Influence of photoperiod at different temperatures on the developmental

time (Mean days + sd) of larval stage (both sexes combined )  of Archips

rosanus.
 
Photoperiod
  Temperature  ( °C)
 
hrs  12  16
  20	  24
  28
 
:
 L  D	  Mean + Sd  Mean + Sd  Mean + Sd  Mean + Sd
  Mean + Sd
 
OL:24D  51.1c  2.3  32.7c  2.7  22.3c
 0.9  17.8a  0.4  15.3a  0.7
 
8L:16D  50.8c  3.6
  33.1c  1.6  24.2bc  0.6  17.9a  0.5  16.4a  0.4
 
12L:12D  56.4b  3.3  37.3b  0.6  24.9b  0.2  18.5a  0.7
  15.6a  0.5
 
16L: 8D  69.1a  3.9  41.2a  1.1  29.5a  2.1
  19.9a  0.9  17.1a  0.6
 
20L: 4D  51.8c  1.1  33.5c
  0.9  23.5bc 0.5  17.7a
 1.2  15.6a  0.9
 
24L: OD  47.9d  4.3  32.7c  1.7
  23.7bc  0.8  16.8a  0.7  15.7a  0.5
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Figure II-1. Influence of photoperiod at different temperatures on the developmental
 
rates of different male larval instars of Archips rosanus.
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without any specific pattern. As the photoperiod was increased
 
from 0-24 hrs, no significant effect on the developmental time
 
was noticed at 24 and 28°C. but significant  effects were seen
 
at 12, 16, and 20°C treatments (Table  II-1 to 3). Although
 
there was no specific trend, in general,  the developmental
 
time was shortest at 24L:OD photoperiod, and longest at 16L:8D
 
photoperiod. This sort of response may have some evolutionary
 
significance. In photoperiods that are normally encountered in
 
the field such as 16L:8D, the growth rate was rather normal,
 
but in photoperiods that are not encountered in the field and
 
are extremely arbitrary such as 24 hrs light, larvae grew more
 
rapidly and completed the development faster. This sort of
 
enhanced growth response under unnatural conditions could well
 
be a defensive-survival mechanism in this and perhaps other
 
species as well. There were marked differences in the
 
developmental response of different larval  instars to varying
 
photoperiods (Figures II-1 to 3). The second, third and fourth
 
instars appeared to be more sensitive to photoperiodic changes
 
than first and fifth, although some effect was noticed in all
 
larval instars. This type of intra-larval instar difference in
 
development, in response to photoperiod, is reported here for
 
the first time.
 
In the pupal stage (Tables 11-4 to 6), the longest mean
 
developmental time (31.5 ± 4.9 days,  mean ± sd for male, 27.9
 
± 5.3 days, mean ± sd for female and 29.6  + 4.1 days, mean ±
 
sd for combined sex) occurred at the combined interaction
 Table 11-4. Influence of photoperiod at different temperatures on the developmental

time  (Mean days ± sd)  of male pupal stage of Archips rosanus.
 
Photoperiod
  Temperature  ( °C)

hrs  12  16 20
  24  28
 
:
 L  D  Mean + Sd  Mean + Sd  Mean + Sd
  Mean + Sd  Mean + Sd
 
OL:24D  25.6b  0.9  19.2b  0.8
  10.7b  0.3  7.8ab  0.2  7.1a  0.2
 
8L:16D  24.7b  2.8  15.9c  0.7
  11.4ab 0.5  8.lab  0.8  7.0a  0.4
 
12L:12D  25.1b  1.2  18.5b
  1.1  11.7ab 0.3  8.lab  0.1  6.8a  0.2
 
16L: 8D  31.5a  4.9  21.7a
  0.6  12.9a  0.8  9.6a  0.5  7.5a  0.4
 
20L: 4D  25.9b  1.9  14.3cd 0.5  10.5b
 0.4  7.6b  0.2  7.1a  0.6
 
24L: OD  22.4c  1.7  13.3d  0.7  10.2b  0.8  7.4b
  0.4  6.7a  0.6
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table 11-5. Influence of photoperiod at different temperatures on the developmental

time (Mean days ± sd) of female pupal  stage of Archips rosanus.
 
Photoperiod
  Temperature (°C)

hrs  12 16  20
  24  28
 
:
 L  D  Mean + Sd  Mean + Sd  Mean + Sd
  Mean + Sd  Mean + Sd
 
OL:24D  21.6c
  2.1  19.4ab 4.1  10.4ab 0.5  7.5a  0.3  6.6a  0.8
 
8L:16D  22.6bc  2.5  16.5c  3.0
  10.1ab 0.3  7.4a
  0.1  6.4a  0.4
 
12L:12D  23.9b  1.8  17.4bc 0.8  10.9ab 0.5  7.7a
 0.1  6.4a  0.4
 
16L: 8D  27.9a  5.3  20.9a
  0.9  11.8a  0.2  9.1a  0.4  7.6a  0.3
 
20L: 4D  23.9b  1.3
  13.4d  0.6  9.9ab 0.3  6.8b  0.9  6.6a  0.2
 
24L: OD  20.4c  1.9  12.4d  0.5
  9.4b  0.4  7.7a  0.9
  6.8a  0.2
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table 11-6. Influence of photoperiod at different temperatures on the developmental

time (Mean days ± sd)  of pupal stage (both sexes combined)  of Archips

rosanus.
 
Photoperiod
  Temperature  ( °C)

hrs  12  16
  20 24  28
 L  D  Mean + Sd  Mean + Sd  Mean + Sd  Mean + Sd

:  Mean + Sd
 
OL:24D  23.7b  2.3  18.7b  1.1
  10.6ab 0.3  7.7ab 0.2
  6.8a  0.5
 
8L:16D  23.7b  1.3
  15.9c  1.5  10.5bc 0.3  7.6b  0.3  6.6a  0.3
 
12L:12D  24.6b
 1.6  17.6b  0.5  11.3ab 0.2  7.9ab 0.1  6.6a  0.3
 
16L: 8D  29.6a  4.1  21.3a  0.7  12.1a  0.4
  9.3a  0.5  7.6a  0.3
 
20L: 4D  24.9b  1.2  13.9d
 0.5  l0.lbc  0.3  7.3b
  0.5  6.9a  0.4
 
24L: OD  21.3c  1.4  12.8d  0.3
  9.7  0.4  7.7ab 0.6  6.7a  0.3
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Figure 11-5. Influence of photoperiod at different temperatures on the developmental

rates of pupal stage for male,  female and both sexes combined of Archips
 rosanus.
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1.0 Table 11-7. Influence of photoperiod at different temperatures on the developmental

time (Mean days ± sd) of male Archips rosanus from neonates to adult

eclosion.
 
Photoperiod
  Temperature  (°C)

hrs  12  16
  20  24 28
 L  : D  Mean + Sd  Mean + Sd
  Mean + Sd  Mean + Sd
  Mean + Sd
 
OL:24D  73.9cd 1.9  50.1c  2.5  32.4b
  0.9  24.9ab 0.6  21.2a  0.6
 
8L:16D  72.6d  4.4  47.5cd 2.7  33.9b
 0.2  25.2ab 1.7  23.0a  0.7
 
12L:12D  81.4b  5.1  55.2b  2.6
  35.1b  1.2  25.6ab 0.4  22.4a  0.4
 
16L: 8D  98.2a  7.3
  60.7a  1.7  38.9a
 3.1  27.4a  1.9  23.8a  0.9
 
20L: 4D  76.1c  1.2
  47.1cd 1.4  33.4b  0.7
  24.6ab 0.8  22.2a  0.7
 
24L: OD  68.8e  5.4  45.5d  2.2
  31.8b  2.1  23.4b  1.1  21.5a
 1.1
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table 11-8. Influence of photoperiod at different temperatures on the developmental

time (Mean days ± sd)  of female Archips rosanus from neonates to adult

eclosion.
 
Photoperiod
  Temperature  ( °C)

hrs  12
  16  20
  24  28
 
:
 L  D  Mean + Sd
  Mean + Sd  Mean + Sd  Mean + Sd  Mean + Sd
 
OL:24D  76.4bc 3.4  53.7bc  0.7  34.3bc  0.8
  27.1ab 1.3  23.3a  1.1
 
8L:16D  74.4cd 7.5  50.3cd 3.3
  35.4bc  0.4  25.6b  0.7  22.6a  0.7
 
12L:12D  80.4b  2.9  54.8b  1.2  37.8b  1.9
  26.7ab 0.7  22.9a  0.9
 
16L: 8D  99.6a  8.4  63.9a
  2.5  42.8a  1.9  30.6a  0.7  25.0a  0.7
 
20L: 4D  77.0bc  1.7  48.1de 0.9
  34.1bc 1.1  26.0b  0.8  22.6a  0.3
 
24L: OD  71.1d  7.9  45.4e  1.8
  33.4c  0.3  25.4b  0.9
  23.0a  0.9
 
Means within colums followed by the  same letter are not significantly different

(P > 0.01) using LSD test.
 Table 11-9. Influence of photoperiod at different temperatures on the developmental

time (Mean days + sd) of Archips rosanus from neonates to adult eclosion.
 
Photoperiod
  Temperature  ( °C)

hrs  12 16 20
  24  28
 L  D  Mean + Sd  Mean + Sd  Mean + Sd  Mean + Sd

: 
Mean + Sd
 
OL:24D  74.7c  2.3  51.4c  1.9
  32.9c  0.9  25.6b  0.5  22.1b
 0.5
 
8L:16D
  74.5c  4.9  49.1cd 2.7  34.7bc  0.4  25.4b  0.6
  22.9ab 0.3
 
12L:12D  81.1b  3.8  54.9b  0.4  36.3b  0.3  26.4b
  0.6  22.2b  0.4
 
16L: 8D  98.8a  7.8  62.4a  1.6  41.6a  2.1  29.2a
  0.7  24.7a  0.7
 
20L: 4D  76.7c  1.1  47.3d  0.9  33.6c  0.7
  25.1b  0.9  22.5ab 0.8
 
24L: OD  69.2d  5.7  45.5d
 1.7  33.4c  0.8
  24.5b  1.0  22.5ab 0.5
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Figure 11-6. Influence of photoperiod at different  temperatures on the developmental

rates of Archips rosanus from neonates to adult eclosion for male, female

and both sexes combined.
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between 12°C and 16L:8D photoperiod and the shortest mean
 
developmental time (6.7 ± 0.6, mean ± sd) for male pupal stage
 
occurred at 28°C and 24L:OD photoperiod and for the female
 
pupal stage (6.4 ± 0.4,  mean ± sd) occurred at 28 °C and 8L:16D
 
photoperiod.
 
At a given photoperiod but different  treatment
 
temperatures the developmental rate of pupal stage varied
 
greatly (Figure 11-5) as treatment temperature increased from
 
12 to 28°C, the rate of development also increased, both sexes
 
responded similarly.
 
At a given temperature but varying level of photoperiods,
 
however, there was no predictable response as the photoperiod
 
was increased from 0-24 hrs. There was an insignificant effect
 
of photoperiodic variation at 28°C but significant effect was
 
noticed at 12, 16, 20 and 24°C treatments (Table 11-4 to 6).
 
Although there was no specific trend,  in general, the
 
developmental time was shorter at 24L:OD photoperiod, and
 
longest at 16L:8D photoperiod, showing a bell shape curve
 
relationship. Just like in the larval stage, in photoperiods
 
that are normally encountered in the field such as 16L:8D, the
 
growth rate was slow, but in photoperiod that are not
 
encountered in the field and are extremely high such as 24
 
hrs, the insect development was the fastest.
 
Data in Table 11-7 to 9 and Figure  11-6 suggest a
 
significant influence of photoperiod and temperature on the
 
developmental rates of A.  rosanus from neonate larva to adult
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eclosion. Although the influence of each factor varied
 
substantially, temperature having the most impact,  the
 
photoperiod by itself is also important.  Data show that the
 
longest mean developmental time (98.2 ± 7.3 days, mean ± sd
 
for male, 99.6 ± 8.4 days, mean ± sd for female and 98.8 ± 7.8
 
days, mean ± sd for combined sex)  was noticed at 12°C and
 
16L:8D photoperiod, and the shortest mean developmental time
 
(21.2 ± 0.6 days, mean ± sd for the male and 22.1 ± 0.5 days,
 
mean ± sd for combined sex) occurred at 28 °C and OL:24D
 
photoperiod. The shortest mean developmental time  (22.58 ±
 
0.29 days, mean ± sd) was observed for the females at 28 °C and
 
20L:4D photoperiod.
 
Influence of temperature on insect development has been
 
investigated by may previous workers (Sharpe and DeMichele
 
1977, Rock and Shaffer 1983, Boyne et al. 1985,  Garcia-Salazar
 
et al. 1988). In general, there is a linear relationship
 
between the temperature and rate of development.  At the two
 
extremes, upper and lower temperatures, the relationship
 
becomes nonlinear and sometimes the development may cease to
 
occur at unfavorable temperature (Stark and AliNiazee 1982,
 
Gangavalli and AliNiazee 1985). Data presented in Table II-1
 
to 9 suggest that developmental time was shortened between 16
 
and 28 °C in a linear fashion, however, the development was
 
suppressed at 12 and 28 °C temperature treatments. Temperatures
 
between 16 -24 °C are generally the most commonly occurring
 
temperatures in the field during the spring months in Oregon.
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The impact of photoperiod on development is not well
 
understood in insects (Beck 1962,  1980, Setyobudi 1989). The
 
relationship appears to be complex and not well defined. The
 
study reported here is the first report of a significant
 
effect of photoperiod on the development of A. rosanus.
 
Although photoperiod is a key modulating factor in diapause
 
induction and progression (Saunders 1973, AliNiazee 1988) its
 
role in development during the growing season, in general, is
 
subordinated to temperature. In A.  rosanus, it appears that
 
the median photoperiod (16L:8D) which are generally
 
encountered in the field during the growing season (June-July)
 
had the least effect on development.
 In other words, this
 
photoperiod was neutral. On the contrary, the increasing or
 
decreasing photoperiods had significant effect (Table II-11).
 
In almost all cases, they reduced the developmental times,
 
except at 28°C where no significant difference was found. The
 
individual differences between the males and females were also
 
noticed (Table II-1 to 9).
 
The number of days required to complete development for
 
different larval instars at different temperatures is given in
 
Table II-10. The larvae spent longer time in the fifth instar
 
followed by the first, fourth, second and third. Approximately
 
27.9% of the total larval time was spent in the fifth instar,
 
25.6% in the first, 16.6% in the fourth,
  15.9% in the second
 
and 15.1% in the third. At 28°C, the larvae spent 4.6 days in
 
the fifth instar, 3.7 days in the first instar, 2.7 days in
 Table 11-10. Developmental time of Archips rosanus larval instars at different
 
temperatures in the laboratory (average of all photoperiods tested).
 
Temp.
  Time spent in different larval  instars
 
(0C)  1st instar  2nd instar
 3rd instar  4th instar
  5th instar  Total
 Day %of Tot.Day %of Tot.Day %of Tot.Day %of Tot.Day %of Tot.Day %of Tot.
 
12  14.7a 27.0  9.1a 16.7  8.6a 15.8  8.9a 16.3  13.2a 24.2  54.5a  100 
16  8.8b 25.1  5.4b 15.7  5.1b 14.5  5.9b 16.8  9.7b 27.6  35.1b  100 
20  6.7c 27.1  3.7c 15.0  3.6c 14.6  3.8c 15.4  6.9c 27.9  24.7c  100 
24  4.6d 26.0  2.7d 14.9  2.5d 14.4  2.9d 16.0  5.2d 28.7  18.1d  100 
28  3.7e 23.1  2.6d 16.3  2.4d 15.0  2.7d 16.9  4.6e 28.8  16.0e  100 
Means within columns followed by the same letter are not significantly different
 (P > 0.01) using LSD test.
 Table II-11. Influence of photoperiod on the development of Archips rosanus.
 
Photoperiod
  Temperature  ( °C)

hrs 
L  :  D 
12 
Larva  Pupa 
16 
Larva  Pupa 
20 
Larva  Pupa 
24 
Larva  Pupa 
28 
Larva  Pupa 
OL:24D  S  S  S  S  S  S  NS  S  Ns  NS 
8L:16D  S  S  S  S  S  S  NS  S  NS  NS 
12L:12D  S  S  S  S  S  S  NS  S  NS  NS 
16L: 8D  S  S  S  S  S  S  NS  S  NS  NS 
20L: 4D  S  S  S  S  S  S  NS  S  NS  NS 
24L: OD  S  S  S  S  S  S  NS  S  NS  NS 
S = Significant
 
SN= Not significant
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the fourth instar, 2.6 days in the second instar and 2.4 days
 
in the third instar with a total larval period of 15.9 days,
 
while at 16°C the corresponding days were 9.7, 8.8, 5.9,  5.5,
 
5.1 and 35.1 days, respectively. Significant differences were
 
found among the different larval instars at the different
 
temperatures. The influence of different constant temperatures
 
on adult emergence is given in Table 11-12. Days required for
 
neonate larvae to reach adult stage is significantly different
 
among the different constant temperatures. At 12 °C, 79.1 days
 
were required to achieve 96.1% adult emergence, the duration
 
decreased as the treatment temperature increased. Highest
 
mortality of pupae was observed at 28 °C followed by 24 °C, less
 
pupal mortality occurred at 16°C followed by 12°C. An average
 
of approximately 43 days were required to achieve
 
approximately 93% of adult emergence.
 
In summary, both temperature and photoperiod had a marked
 
influence on the development of larval and pupal stages of the
 
filbert leafroller. Although the temperature effect was
 
expected, the significant role of photoperiod was surprising
 
and is reported here for the first time. Our data suggest that
 
in adversity and/or abnormal environmental conditions such as
 
long or short photoperiods, the filbert leafroller larvae and
 
pupae increased their developmental rates and attempted to
 
hurry up to complete the development.  This trend was visible
 
at almost all temperatures tested.  It could be an evolutionary
 
scheme to survive adversity and avoid annahilation of the
 Table 11-12. Influence of different temperatures on duration and % emergence of

Archips rosanus from neonate larvae to adult eclosion (average of all

photoperiods tested).
 
Temperature  n
  Days required for  % Emergence

( °C  )
  1st adult emergence
 
Mean ± Sd
 
12  24
  79.1a  4.3
  96.1
 
16  24
  51.8b  1.6
  98.1
 
20  24
  35.4c  0.9
  95.9
 
24  24
  26.0d  0.7
  87.1
 
28  24
  22.8e  0.5
  76.1
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
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species as these two stages are non-diapausing in this insect.
 
A similar phenomenon also might be present in other
 
lepidopterans.
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CHAPTER  III
 
THERMAL CONSTANTS AND DEVELOPMENTAL THRESHOLDS OF THE FILBERT 
LEAFROLLER,  ARCHIPS ROSANUS  L.  (LEPIDOPTERA: TORTRICIDAE) 
Abstract
 
The thermal constants and developmental thresholds
 
required for various developmental stages of the filbert
 
leaf roller, Az-chips rosanus L. (Lepidoptera: Tortricidae) were
 
estimated from laboratory studies conducted at constant
 
temperatures. Data indicated that the egg and the first instar
 
larvae had the highest thermal thresholds  (7.13 °C and 6.77 °C,
 
respectively), while the fifth larval instar had the lowest
 
thermal threshold (4 °C). The overall larval developmental
 
threshold was 5.33 °C. Similar thermal thresholds were
 
determined for the 2nd, 3rd, and 4th larval instars and pupae,
 
male and female separately and combined.  A generalized
 
developmental threshold of 6 °C from neonate larvae to adult
 
stage was determined for both sexes combined.
 
A total of 350.63 thermal units (TU) above  5.33 °C were
 
required for development from the first instar to pupation and
 
a total of 496.65 thermal units (TU) above 6 °C were required
 
for development from larva to adult eclosion.  Pupae required
 
147.13 thermal units (TU) above 6.35 °C. The larval instars;
 
first, second, third, fourth, and fifth and pupa represented
 
approximately 16, 11, 10, 12, and 21 and 30% of  the total
 
developmental time from egg hatch to adult emergence,
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respectively. The various developmental thresholds and thermal
 
units (TU) required for the completion of various life  cycle
 
stages are reported here for the first time.
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Introduction
 
The filbert leaf roller, Archips rosanus (L.) is a major
 
pest of hazelnut in Oregon  ( AliNiazee 1974, and 1976a). This
 
univoltine insect was introduced to north America nearly 100
 
years ago and is now well established throughout  the Pacific
 
states of California, Oregon and Washington and the province
 
of British Columbia (Chapman and  Lienk 1971, Gibson 1924,
 
AliNiazee 1977). Field life history of the pest has been
 
described by Markelova (1957) from Russia and AliNiazee (1977)
 
from Oregon. Distribution and general morphology has been
 
described by Chapman
 and Lienk (1971) and Chapman (1973).
 
Development of A. rosanus in relation to temperature and
 
photoperiod was discussed in the previous chapter (Chap.II).
 
Insect development and its relationship to phenology has been
 
studied previously in many insect species  (Arnold 1960,
 
Baskerville and Emin 1969, Chmiel and Wilson 1979, Butts and
 
McEwen 1981, Higley and Pedigo 1984, Setyobudi  1989, Kasana
 
1993, AliNiazee 1976b, 1979, Riedl and Croft 1978, Gangavelli
 
and AliNiazee 1985) but relatively little  is known about the
 
influence of temperature on the developmental biology of A.
 
rosanus. Since temperature driven models of phenology are an
 
important component of the filbert Integrated Pest Management
 
(IPM) program in Oregon
 (AliNiazee 1983, Calkin et al. 1983),
 
information on the development of this insect in relation to
 
temperature is essential. Thus the objective of this study was
 49 
to analyze the the developmental rates of A. rosanus and to
 
determine the thermal constants and different developmental
 
thresholds for the various life history stages of this insect.
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Materials and Methods
 
Insects required for this study were obtained from the
 
field by collecting eggs during early spring. Experiments were
 
conducted by placing egg masses in 9cm diameter plastic petri
 
dishes, each petri dish contained 4 egg masses. The petri
 
dishes were lined with 9cm diameter  filter papers for
 
retaining moisture and were covered by lids having a 3cm
 
diameter hole in each. The holes were covered with a fine mesh
 
cotton cloth for aeration and avoiding condensation of
 
atmospheric vapors. The petri dishes containing the egg masses
 
were exposed to five different temperature (12, 16, 20, 24,
 
and 28 ± 1°C) treatments under 16L:8D photoperiod and constant
 
humidity of 75 ± 10% R.H. Percival model B-2 growth chambers
 
were used to maintain the constant environmental conditions.
 
Egg development studies were conducted with 80 egg masses with
 
each egg mass containing about 50 eggs. The sample size for
 
each replication was 4 egg masses, and each treatment was
 
replicated four times. Egg hatch was monitored daily.
 
Larval experiments were conducted by collecting and
 
transferring less than 24 hr old larvae to 1 ounce plastic
 
cups consisting of 1.5g artificial diet.  These cups were
 
covered with plastic lids and development was followed in 5
 
different constant temperatures (12,  16, 20, 24, and 28 ± 1°C)
 
with 16L:8D photoperiod and 75 ± 10 % R.H. The sample size was
 
ten individuals per replication and each treatment was
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replicated four times. Larval development and pupal formation
 
was observed daily.
 
Pupal development was studied also by using the same
 
procedures described above. Newly formed pupae (less than 24
 
hrs old) were used in these experiments. A total of five
 
treatments replicated four times were tested. Pupal
 
development was checked daily and the experiments were
 
terminated at adult emergence.
 
Data reported here include only those individual that
 
survived to the next stage. Rate of development (1/number of
 
days for development)  was plotted against treatment
 
temperatures and the linear regression analysis used to
 
calculate developmental thresholds  (X-intercept method)
 
using SAS statistical program. The thermal constants for the
 
various life cycle stages were calculated using the formula  [
 
K = di (ti -a)
  (where di = mean number of days in incubation
 
at the ith temperature; ti = temperature and a
 =
 
developmental threshold (Lin et al.  1954). Thresholds and
 
thermal unit (TU) values were calculated for larval and pupal
 
stages and for each sex separately and combined. A 950
 
confidence interval for thermal units was determined by using
 
the formula [X ± t 0.05(SE)]
 (where X = mean value of the
 
thermal units, t = table t value at  0.05 significance level
 
and n-1 = degree of freedom, SE = standerd
 error).
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Results and Discussion
 
A linear relationship was observed between temperature
 
and developmental rate (Table III-1).  As the exposure
 
increased a proportional increase in developmental rates was
 
noticed. At high  and low temperature extremes these
 
relationships became non-linear.  Figure III-1 to 7 show the
 
regression lines of the development vs temperature for the
 
five larval instars and different life stages when males and
 
females are considered either separately or combined. These
 
figures provide mean developmental rate per day for each
 
larval instar, pupal stage, and from neonate larva to adult.
 
Developmental thresholds and regression equations and r2 values
 
are given in (Table III-1). A highly positive  linear
 
relationship was evident between the developmental rate and
 
temperature treatments (P > 0.01). The developmental
 
thresholds derived by dividing the intercept over the slope of
 
each regression line observed and calculating the
 
(X-intercept) from neonate larvae to the last larval instar
 
combined was 5.33°C, for the pupal stage, combined sex, was
 
6.34°C and for neonate larvae to adult eclosion 6°C. High
 
thermal threshold was observed for the first larval instar
 
female (7.33°C) and male (6.77°C)  and the lowest thermal
 
threshold was observed for the fifth larval instar female
 
(3.49°C) and male  (4.59°C)
 
Earlier studies (Markelova 1957, Minder 1959, AliNiazee
 Table III-1. Developmental thresholds for Archips rosanus from neonates
 
to adult eclosion. 
Stage of 
life cycle 
Sex  Developmental 
Threshold 
Regression Equation  r
2 
or 
instar 
Eggs  combined  7.13  Y =  -0.057 + 0.008X  0.92 
Larvae 
1st  M  6.77  Y =  -0.088  + 0.013X  0.90 
F  7.33  Y =  -0.094  + 0.013X  0.91 
combined  6.77  Y =  -0.088 + 0.013X  0.93 
2nd  M  6.33  Y =  -0.133  + 0.021X  0.67 
F  5.68  Y =  -0.108  + 0.019X  0.77 
combined  5.95  Y =  -0.113  + 0.019X  0.91 
3rd  M  5.81  Y =  -0.122  + 0.021X  0.79 
F  6.35  Y =  -0.127 + 0.020X  0.85 
combined  6.00  Y =  -0.120 + 0.020X  0.89 
4th  M  6.15  Y =  -0.123  + 0.020X  0.88 
F  5.53  Y =  -0.094  + 0.017X  0.81 
combined  5.33  Y =  -0.096  + 0.018X  0.86 
5th  M  4.36  Y =  -0.048  + 0.011X  0.89 
F  3.33  Y =  -0.030 + 0.009X  0.86 
combined  4.00  Y =  -0.036  + 0.009X  0.91 
ALL  M  6.00  Y =  -0.018  + 0.003X  0.95 
F  5.00  Y =  -0.015 + 0.003X  0.96 
combined  5.33  Y =  -0.016 + 0.003X  0.94 
Pupae  M  6.29  Y =  -0.044  + 0.007X  0.95 
F  6.43  Y =  -0.045 + 0.007X  0.92 
combined  6.35  Y =  -0.044  + 0.007X  0.94 
ALL  M  6.50  Y =  -0.013 + 0.002X  0.96 
L-A  F  6.00  Y =  -0.012  + 0.002X  0.96 
combined  6.00  Y =  -0.012  + 0.002X  0.96 Figure III-1. Influence of temperature on the developmental rate of different male
 larval instars of Archips rosanus  .
 
0.501 
13 0.451
 
p 0.401
 
'7"-- 0.351 
0.301 
0.251
 
wZ  0.201­
0- 0.151­
w  0.101
 
0.051­ a 
0.001
 
10  20 30
 
15  5  15 25
 
15
 10  20
  30
 TEMPERATURE  10
  20
 
TEMPERATURE
 
TEMPERATURE 
rz  w 
0 
a 
10 20 30  20
 10
 
TEMPERATURE  TEMPERATURE
 
30 Figure 111-2. Influence of temperature on the developmental rate of different female

larval instars of Archips rosanus
  .
 
15
 10
  20
  30  10
  20
 TEMPERATURE  TEMPERATURE 
0.51	  0.251
 
I  e) Fifth  I
 U)
Y = - 0.094 + 0.017X  ao-	 = 0.030 + 0.009X 0.201­ 2
 r2= 0.81  r = 0.86 
T.T = 5.53 C  T.T = 3.33 C 
0.31­
0.21 ­ w 0.101 ­
a 0 
0.11- -j  0.051 
0 
0.01	  amo5
 
5  15  25
  15  25
 
10 20  30
  10 20  30

TEMPERATURE  TEMPERATURE 
30 Figure 111-3. Influence of temperature on the developmental rate of larval instars
 (male and female combined)  of Archips rosanus.
 
030 
0.50 
025  0A5­
0A0­
035­
0.30­
0.15 
025­
0.10­ 010­
0.15­
0.05 
0.10­
0.05­
0.00 
5 
10 
15 
20 
TEMPERATURE 
2.5 
30 
0.00 
5 
10 
is 
20 
TEMPERATURE 
25 
30 
a 
10 
15 
20  30 
TEMPERATURE 
0.45 
0.40­
(2. 025­
'110.30 
-J  0.25 
I-­ z  020­
w 
0.15­
S 0.10­
11  a 
0.05­
0.00 
5  15  25 
10  20 
TEMPERATURE 
30  10 
15 
20 
TEMPERATURE 
30 Figure 111-4. Influence of temperature on the developmental rate of complete larval
 stage for male; female and both sexes combined of Archips rosanus
 
15  15 
10  20 
TEMPERATURE 
30  10  20 
TEMPERATURE 
30 
0.07 
c) Combined 
0.06­ Y = - 0.016 + 0.003X 
0.05­
r2= 0.94 
T.T = 5.33 g 
0.04-, 
0.03­
0.02­
0.01­
0.00 
5  15  25 
10  20  30 
TEMPERATURE Figure 111-5. Influence of temperature on the developmental rate of pupal stage
 (male; female and both sexes combined) of Archips rosanus
 
a 
15
 
15

10  20 30
  10  20

TEMPERATURE 
TEMPERATURE 
10
  20
  30

TEMPERATURE 
30 Figure 111-6. Influence of temperature on the developmental  rate of Archips rosanus
 from neonates to adult eclosion (male; female and both sexes combined)
 
0.051 
0.041 ­
0.031 ­
0.021­
0.011 ­
0.001 
5 lb
  15  20  25
10 TEMPERATURE  20
 
TEMPERATURE
 
0.051
 
Combined 
2= - 0.012 + 0.002X 
a
 
r:z,  0.041 
r =0.96
 
T.T= 6 e
 
0.031­
0 < I 
6 0.021 ­
a. 
a.
 
9 0.011­
0.001
 
5
  1'5  25 10  20  30
TEMPERATURE 
30 0.04 
Figure 111-7. Influence of temperature on the developmental rate of egg stage
 of Archips rosanus.
 
'Eggs  I
 
Y = 0.057 + 0.008X
 0
 ,,
T­
.........  r2= 0.92
  o 
T.T = 7.13 C 
15  25 
10  20  30 
TEMPERATURE 
01 0 Table 111-2. Thermal constants  for development of Archips
 
rosanus from neonates to adult eclosion.
 
Larval 
instar 
Sex  Thermal units required (95% CI) 
Mean  95% CI 
% Total thermal 
developmental 
First  M  78.82  76.64  81.00 
period 
F  78.44  76.18  80.00 
Second 
combined 
M 
80.23 
49.34 
78.36 
47.38 
82.10 
51.30 
16 
F  56.75  54.75  58.76 
Third 
combined 
M 
53.89 
49.61 
52.28 
47.74 
55.50 
51.48 
11 
F  50.73  49.13  - 52.33 
Fourth 
combined 
M 
50.66 
50.78 
49.24  52.08 
49.26  - 52.30 
10 
F  60.70  58.68  62.72 
Fifth 
combined 
M 
58.44 
99.05 
56.77  60.11 
95.83  -102.27 
12 
F  119.66  116.46  -112.86 
ALL 
combined 
M 
110.16 
329.11 
107.48  -112.84 
322.82  -335.40 
21 
F  368.14  361.21  -375.07 
Pupae 
combined 
M 
350.63 
150.88 
344.18  -357.08 
147.21  -154.55 
70 
F  143.86  139.71  -148.01 
ALL 
L-A 
combined 
M 
F 
147.13 
477.24 
510.22 
143.60  -150.66 
468.39  -486.09 
500.06 -519.84 
30 
combined  496.65  487.53  -505.77 62 
1977) have used a base thermal threshold of 8°C for predicting
 
egg hatch. No study has been conducted to determine precise
 
thermal thresholds for eggs and larvae and different sexes of
 
this insect from neonate larvae to adult eclosion. A thermal
 
threshold of 7.13 °C was calculated for egg hatch (r2 = 0.92).
 
A. mean thermal threshold of 5.33°C for the entire larval stage
 
(all instars combined)
  was determined. Utilization of this
 
threshold in phenology models will simplify the calculations
 
of accumulated thermal units but will reduce the precision. In
 
more detailed descriptive models, the use of different
 
developmental thresholds for each larval instar may be
 
desirable.
 
The different thresholds observed for different larval
 
instars may have an adaptive significance. For instance, the
 
eggs and the  first instar larvae have higher developmental
 
thresholds than the later instars. Therefore, in the
 
beginning of spring, utilization of a higher developmental
 
thermal threshold might be helpful in slowing down
 
development, synchronizing life cycle with host plant and
 
ensuring high larval survival. On the other hand, utilization
 
of slightly lower thermal thresholds by the second, third,
 
fourth and fifth larval instars might  be helpful in rapid
 
development during the spring months for better utilization of
 
available food resources.
 
The heat unit requirements for A.  rosanus in this study
 
at constant temperature are presented in Table 111-2. An
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average of 496.65 ± 9.12 thermal units (TU) were required for
 
development from neonate larvae to the adult eclosion and an
 
average of 350.63 ± 6.45 thermal units (TU)  were required for
 
development of neonate larvae to pupation when both sexes were
 
combined. Females apparently require more heat units than
 
males.
 
The proportion of the developmental period associated
 
with each larval instar and pupal stage was different (Table
 
111-2). For instance, the third instar larvae had the shortest
 
developmental period, comprising only about 10%  (50.66 ± 1.42
 
TU) of the total larva-adult thermal unit  requirement. The
 
fifth instar larvae and the pupal stage required the highest
 
number of thermal units, 110.16 ± 2.68 and 147 ± 3.53,
 
respectively, comprising about 21% and 30% of the total
 
larva-adult developmental period.
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CHAPTER  IV
 
DIAPAUSE INDUCTION, DEVELOPMENT AND TERMINATION IN THE FILBERT
 
LEAFROLLER, ARCHIPS ROSANUS L.
 (LEPIDOPTERA: TORTRICIDAE)
 
Abstract
 
Diapause in the filbert leaf roller,  Archips rosanus L.
 
(Lepidoptera: Tortricidae) is expressed in the egg stage and
 
is induced through fixed genetic mechanisms with undefineble
 
control of environmental cues. Diapausing eggs are found from
 
June to early April of the following year. Experiments
 
designed to assess the role of photoperiod and temperature
 
suggest that environmental factors had no influence on
 
diapause induction. Manipulation of these factors by providing
 
short-day and long-day combinations to different life history
 
stages (larvae, pupae and adults, collectively and separately)
 
failed to avert diapause in this  insect. Once diapause is
 
induced, it is maintained by the lack of chilling in the
 
summer and fall months and by the lack of suitable temperature
 
for growth during the winter months.  Chilling is required for
 
diapause development in A. rosanus. The laboratory experiments
 
showed that no eggs hatched when eggs were exposed to 3°C
 
temperature for less than 96 days,  egg hatch was optimum when
 
the length of exposure was extended to 154 days and declined
 
sharply when exposure period was further extended to 171 days,
 
suggesting lethality. Although the termination of diapause
 
occurred slowly, a continuum of diapause and post-diapause
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phase was noticed. A significant interaction between the cold
 
exposure (chilling) time and post-diapause incubation
 
temperature time was  observed.
 
Under Willamette Valley conditions, diapause in the field
 
in some individuals was completed by the middle of January.
 
However, a majority of the eggs had completed diapause by
 
March 1. Diapause maturation and completion occurs slowly when
 
about 110 to 115 chilling units (CU)
  have accumulated in the
 
field.
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Introduction
 
The life history strategies of temperate climate
 
holometabolus insects are generally modulated by diapause
 
(Saunders 1976, Tauber et al. 1986). The  intensity and
 
flexibility of diapause determines the  survival and
 
distribution of an insect species. AliNiazee  (1988) divided
 
the diapause phenomenon (to include post-diapause) into five
 
distinctive but overlapping stages. These included 1) diapause
 
induction, 2) diapause initiation and expression, 3) diapause
 
development, 4) diapause termination and 5) post-diapause
 
development. In most temperate climate species,  the post­
diapause phase is preceded by the diapause development
 
(maturation) phase during which insects become receptive to
 
post-diapause development cues (mostly temperature). The
 
diapause is initiated by token stimuli (Lee 1955) experienced
 
by the present generation or the parental generation (Mousseau
 
and Dingle 1991).
 
Diapause is a genetic phenomenon with a varied influence
 
of the environmental factors (Beck 1962 and 1980, Tauber et
 
al. 1986). In some cases the role of environmental factors is
 
well understood and most of these species are multivoltine
 
while in species where the role of environmental factors is
 
unknown, the term "obligate diapause" has been used, and most
 
of these species are univoltine (Tauber et al 1986).
 
The filbert leafroller, Archips rosanus L. (Lepidoptera:
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Tortricidae) is a univoltine insect which occurs throughout
 
the Pacific Northwest as a generalist feeder. It is an
 
important pest of filbert in the Willamette Valley of Oregon
 
(AliNiazee 1983). A. rosanus overwinters in the diapausing egg
 
stage. The eggs are laid during the months of June and July
 
and hatch during the next spring. Larval feeding continues for
 
4-6 weeks and after a brief pupal period adults emerge during
 
late May and June.
 
As in many other insects, the seasonal cycle of A.
 
rosanus is regulated by diapause which serves as a pathway
 
between favorable and unfavorable environmental conditions.
 
Several environmental factors such as photoperiod and
 
temperature are known to play an important role in diapause
 
induction, development, termination and post-diapause
 
development phases (Andrewartha 1952,  Lees 1955, Danilevskii
 
1965, Powell 1974, Tauber and Tauber 1976, Tauber et al. 1986,
 
Gangavalli and AliNiazee 1985 and AliNiazee 1988). Once
 
diapause is induced and expressed, the role of photoperiod
 
appears to be limited to maintenance of diapause during  fall
 
and/or winter and temperature becomes the dominant factor
 
(Lees 1955, Danilevskii et al. 1970). Without diapause the
 
survival of many species would be impossible in adverse
 
environmental conditions (Andrewartha 1952, Lees 1955, Beck
 
1968) particularly in temperate climates.
 
Diapause occurs at a specific stage in the life history
 
of a species and in general, insects perceive diapause
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inducing stimuli only during certain stage(s) of their life
 
cycle. In some species, the stage sensitive to diapause
 
induction and the diapause stage are widely separated within
 
the same generation or between generations (Lees 1955,
 
Danilevsky 1965, Adkisson et al. 1963, Wellso and Adkisson
 
1966, and Saunders 1973).
 
The present studies were conducted to determine the
 
effect of photoperiod and temperature on induction,
 
development and termination of diapause in A.  rosanus. Stage
 
sensitivity to diapause induction was also investigated. Since
 
diapause in A. rosanus is believe to be obligate in nature,
 
the role of environmental factors may not be that important,
 
however, I believe that this type of research will elucidate
 
the nature of diapause in this insect.
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Materials and Methods
 
A) Laboratory studies:
 
Two sets of experiments were conducted to determine the
 
relative sensitivity of the different developmental stages of
 
A. rosanus to diapause-inducing conditions. In the first
 
experiment, newly emerged larvae (less than 24 hr old) were
 
collected from the egg masses brought in earlier from the
 
field. Eggs were transferred individually to 1 ounce plastic
 
cups provided with approximately 1.5g of artificial diet
 
(wheat germ based diet obtained from Bioserve,  Frenchtown, NJ)
 
and covered by lids. These larvae and their succeeding stages
 
were exposed to six different daily photoperiods (0,  8,  12,
 
16, 20, and 24 hrs) and the impact of these photoperiods was
 
tested at different temperatures (12, 16,  20, 24, and 28 ± 1
 
°C). Experiments were conducted in Percival Model B-2 growth
 
chambers. The development was monitored daily and any
 
indication of diapause recorded. Adult and pupae were also
 
exposed to these same conditions and the possibility of
 
diapause expression was checked in the eggs laid by these
 
adults. The eggs were obtained on the wax papers which were
 
lined on the inside surfaces of the 60m1 card board ice cream
 
cartons used as adult holding cages. All these experiments
 
were replicated four times and each replication contained 10
 
individuals. After oviposition, the eggs from these
 
experiments were placed in separate containers and checked for
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hatch at 20 °C temperature and 16L:8D photoperiod. If these eggs
 
failed to hatch, the response was considered negative
 
and diapause aversion was not established.  In the second
 
experiment, the larvae,  pupae and adults were exposed to
 
different environmental conditions outlined  above, separately,
 
but the preceeding stages were exposed to normal conditions
 
(20L:4D, 16L:8D photoperiods). The diapause response in the
 
eggs laid by these individuals were checked by evaluating the
 
eggs hatch. Egg hatch without chilling established diapause
 
aversion.
 
B) Assessment of Diapause Development Chilling Requirement
 
1) Laboratory studies:
 
Newly laid egg masses were collected from the field at
 
the end of June 1992 and exposed to different chilling
 
temperatures (3, 6, 9, and 12 ± 1°C)  at 16L:8D photoperiod and
 
75 ± 10% relative humidity for different time intervals upto
 
171 days. Starting on the 30th day and at every 15 day
 
intervals, four egg masses from each cold temperature regime,
 
were removed and placed in plastic petri dishes and  exposed to
 
different post-diapause development temperatures (12, 16, 20,
 
24 and 28 ± 1°C)
  .
  This experiment was replicated four times,
 
and egg hatch was monitored daily for a period of 60 days. At
 
the end of the experiment these egg masses were checked and
 
discarded.
 
2) Field studies:
 
In another experiment, the egg masses were collected from
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the field at different time intervals from June 1992 to April
 
1993. These egg masses were brought to the laboratory and
 
placed in 9cm diameter plastic petri dishes,  each petri dish
 
contained four egg masses. The petri dishes were lined with
 
9cm filter papers for retaining moisture and were covered by
 
lids having a 3cm diameter hole in each.  The holes were
 
covered with fine mesh cotton for aeration and avoiding
 
condensation of atmospheric vapor. These petri dishes were
 
exposed to different post-diapause development temperatures
 
(12, 16, 20, 24, and 28 ± 1°C) and 16L:8D photoperiod and 75
 
± 10% relative humidity for a period of 90 days and egg hatch
 
was monitored daily. After 90 days, experiments  were
 
terminated.
 
Data were analyzed to determine the incidence of diapause
 
under field conditions and to determine the chilling
 
requirement for diapause development. Three criteria were
 
used: firstly, the percent egg hatch, secondly the time
 
required for 1st and 50% hatch and, thirdly the synchrony
 
(time required from 1st to 80% egg hatch) of egg hatch. Based
 
on these criteria, the degree of diapause development was
 
determined. The chilling unit (CU) requirements were
 
determined by using a mathematical model developed by
 
Richardson et al.  (1974). The model equates temperatures to
 
effective chilling units such that,  one can predict when rest
 
will or has been completed with a high degree of accuracy. One
 
chill-unit equals one hour exposure to 6°C. The chilling
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contribution becomes less than one as temperatures drop below
 
or rise above the optimum values. No chilling units were
 
accumulated when temperatures  reached above 7.13°C (the low
 
temperature threshold for egg development) or below 0°C. The
 
chilling units (CU) accumulation for 24hrs period was
 
determined using a computer program to convert daily
 
temperature to the equivalent chilling unit values. Data were
 
recorded daily and analyzed using analysis of variance.
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Results and Discussion
 
A) Effect of Photoperiod and Temperature on Diapause
 
Induction:
 
In an attempt to understand the nature of diapause in
 
this insect, the larvae, pupae and adults were exposed to
 
different known diapause averting conditions including long
 
days and short days (Lee 1995). Data (Tables  IV-1 and 2) show
 
that none of the photoperiods tested [including both  short
 
days (OL, 8L, 12L) and long days (16L, 20L, 24L)] had any
 
effect on diapause induction in this insect. A combination of
 
these different photoperiods with four different temperatures
 
(16, 20, 24 and 28°C) tested failed to show any interaction
 
between these two factors and no diapause aversion was found.
 
It appears that rearing of A. rosanus under diverse
 
photoperiodic and temperature regimes was not enough to avert
 
diapause. In another experiment, only specific stage was
 
exposed to known diapause averting conditions such as short
 
day or long day photoperiod and the remaining stages were
 
reared under normal conditions (16L:8D and 20°C). The eggs
 
deposited by these individuals were checked for diapause. Data
 
(Table IV-2) show that none of the exposure treatments caused
 
diapause aversion. This suggests that diapause in this insect
 
is highly fixed, controlled predominantly by the genetic
 
component. Although F3 and F4 were not checked, it is doubtful
 
that environmental manipulation can change the incidence of
 Table IV-1. Effect of different photoperiods on induction or aversion of diapause

in Archips rosanus at different  temperatures.
 
photoperiod
  Temperature (°C)

hrs
 
16  20 24
  28
 
Stage 1)  No.egg  %  No.egg  t  No.egg  %  No.egg  t
 L:D  exposed  sampled  dia.
  sampled dia.  sampled dia.  sampled dia.
 F2  induc.  F2  induc.  F2
  induc. F2  induc.
 
2) 
OL:24D 
8L:16D 
12L:12D 
16L:8D 
20L:4D 
24L:OD 
LPA 
PA 
A 
LPA 
PA 
A 
LPA 
PA 
A 
LPA 
PA 
A 
LPA 
PA 
A 
LPA 
PA 
A 
235 
191 
200 
300 
411 
222 
159 
210 
320 
313 
210 
190 
409 
321 
213 
229 
171 
250 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
199 
317 
246 
266 
177 
316 
409 
269 
201 
190 
318 
418 
219 
240 
230 
380 
509 
166 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
278 
269 
342 
193 
249 
338 
417 
414 
166 
190 
361 
390 
410 
210 
460 
217 
198 
370 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
518 
190 
310 
219 
173 
221 
421 
167 
329 
233 
249 
186 
310 
406 
177 
466 
188 
193 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
1) The preceeding stages exposed to normal (16L:8D,
2) L = Larval stage 
24°C)  conditions. 
P = Pupal stage 
A = Adult stage Table IV-2. Stage sensitivity to diapause aversion in Archips rosanus.
 
Exposure
 
photoperiod
 
Short day
 
8L  16D
 :
 
12L: 12D
 
Long Day
 
20L: 4D
 
24L: OD
 
Stage exposed to
 
diapause aversion
 
conditions
 
Lrvae, Pupae, Adult
 
Pupae, Adult
 
Adult
 
Lrvae, Pupae, Adult
 
Pupae, Adult
 
Adult
 
Lrvae, Pupae, Adult
 
Pupae, Adult
 
Adult
 
Lrvae, Pupae, Adult
 
Pupae, Adult
 
Adult
 
Stage exposed to
 
normal conditions
 
16L:8D and 24°C
 
Eggs
 
Eggs, Larvae
 
Eggs, Larvae, Pupae
 
Eggs
 
Eggs, Larvae
 
Eggs, Larvae, Pupae
 
Eggs
 
Eggs, Larvae
 
Eggs, Larvae, Pupae
 
Eggs
 
Eggs, Larvae
 
Eggs, Larvae, Pupae
 
Diapause
 
induction
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
 
Positive
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diapause in this insect.
 
A. rosanus is a univoltine insect,  and no evolutionary
 
advantage is provided by a flexible diapause as seen with some
 
multivoltine leafrollers (Gangavalli and AliNiazee 1985). Most
 
of its host plants are abundant during the early summer months
 
and its life cycle appears to be well synchronized with
 
availability of food, particularly in the northern range of
 
its distribution. Similar fixed diapause is also seen in some
 
other species of Archips including the fruit tree leaf roller,
 
Archips argyrospilus.
 
B) Diapause development: Diapause in Archips rosanus develops
 
through the winter months in  response to cold temperatures. As
 
in many temperate climate insects  (VanKirk and AliNiazee 1982,
 
AliNiazee 1988), diapause development or maturation is a slow
 
process which occurs throughout the winter months. In A.
 
rosanus winter chilling matures and terminates the diapause.
 
Data (Tables IV-3 to 6) show that laboratory exposure to
 
cold temperatures caused differential maturation of diapause
 
depending upon the length of exposure and the temperature. At
 
3°C, diapause development was completed by 96 days, although
 
a significant difference between egg hatch timing and rate was
 
noticed between 96 day treatment and 171 day treatment (Tables
 
IV-3 to 4). It appears that the synchrony of egg hatch as well
 
as the percent egg hatch improved as the length of cold
 
temperature is extended. A similar situation was found in the
 
6 and 9°C treatments, although the time required for diapause
 Table IV-3. Time required for egg hatch of Archips rosanus as a function of chilling

under laboratory conditions.
 
Exposure  Days required for 1st and 50% hatch on post diapause development
 time (days)  phase after removal from cold temperature

to 3°C
 
Temperatures  ( °C)
 
12  16  20
  24  28
 
1st  50%  1st  50%  1st  50%
  1st  50%  1st  50%
 
96  31.3a 35.9a  24.4a 30.3a
 17.3a 21.1a  11.8a  14.8a  11.2a 14.4a
 
113  31.3a 34.7a  23.5a 28.6a
 15.9a 19.5a  11.7a  14.5a  11.2a 13.1a
 
120  29.1a 32.2a  20.9a 26.4a  15.1a 19.1a
 10.2a  14.3a  10.4a 12.4a
 
137
  21.7b 26.7b  17.9b 23.0b
  9.1b  14.5b  8.3ab  12.6a
  5.8b  9.3b
 
154  12.7c  16.3c  10.5c 14.4c
  9.7b 12.5b  6.9b  8.4b  7.4b  8.5b
 
171  11.2c  14.5c
  9.4c 11.6c  6.9b  9.6c  6.1b  9.7b  6.3b  7.7b
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table IV-4.  Mean percent egg hatch as a function of chilling under laboratory

conditions.
 
Exposure
 
time (days)  Post-diapause development temperatures (°C)

to (3°C)
 
12  16
  20  24 28
 
30  0.0  0.0  0.0  0.0
 0.0
 
46  0.0  0.0  0.0  0.0
 
62  0.0  0.0  0.0  0.0 
0.0
 
0.0
 78  0.0  0.0  0.0  0.0

96  10.1a  13.6a  22.9a  19.1a 
0.0
 
12.3a
 113  23.7b  51.7bc  21.7a  18.6a
  8.2a
 120  33.2bc  44.4b
  48.5b
  58.4b  19.5ac
 137  41.5c  52.7bc  64.2c  72.9c  39.2b
 154  43.9c  57.2c  75.7c
  69.9c  20.3c
 171  33.8c  36.8bcd  30.9ab  20.8a  6.1a
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table IV-5. Time required for egg hatch of Archips rosanus as a function of
 
chilling under laboratory conditions.
 
Exposure  Days required for 1st and 50% hatch in post-diapause development
 time (days)  phase from cold temperature

to 6°C
 
Temperature (20°C)
 
Mean days  Mean days
  Synchrony of hatch  %Hatch
 required
  required  (time required from

for 1st hatch
  for 50% hatch  1st to 80% hatch)
 
41
  26.7a
  29.5a
  5.6  22.5
 56  22.2b  25.4a
  6.4  21.4
 71  17.1c
  21.3ab
  8.5  23.4
 86
  15.1c
  18.8b
  9.4
  35.9
 101
  10.9cd  14.1c
  6.4  22.6
 116
  9.4de
  11.6cd
  4.3  14.8
 131  8.4de  10.9cd  5.0
  12.8
 146  5.3e
  7.3de
  3.9
  10.5
 161
  0.0
  0.0
  0.0
  0.0
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table IV-6. Time required for egg hatch of Archips rosanus as a function of
 
chilling under laboratory conditions.
 
Exposure  Days required for 1st and 50% hatch in post-diapause
  development
 time (days)  phase after removal from cold temperature

to 9°C
 
Temperature (20°C)
 
Mean days  Mean days
  Synchrony of hatch  % Hatch
 required  required
  (time required from

for 1st hatch
  for 50% hatch  1st to 80%hatch)
 
41  26.7a
  28.8ab
  4.2
 
56  24.9a  29.8a  9.7 
8.1
 
21.5
 71  19.5b  24.5bc  9.9
  47.2
 86  19.2bc
  22.8c
  7.3
  14.3
 101  11.0d  13.8d  5.6  29.8
 116  8.2de  9.9de
  3.5
  10.8
 131
  5.4e  8.lef  5.4
  8.8
 146  0.0
  0.0
  0.0
  0.0
 161  0.0
  0.0
  0.0
  0.0
 
Means within columns followed by the same letters are not significantly different

(P > 0.01) using LSD test.
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maturity is longer at higher temperatures (Tables IV-5 to 6).
 
It was interesting to note at 12°C,  a slow development of
 
diapause occurred and eventually a small number of
 eggs did
 
hatch.
 
The maximum diapause depth appears to have been reached
 
between 96 and 154 days of exposure to cold temperature (3°C).
 
It appears that chilling plays a major role in diapause
 
development and consequently,  influences the post diapause
 
development as well. The maximum hatch occurred after 154 days
 
exposure to 3°C at three post-diapause temperatures. Both 20
 
and 24°C were optimum for post-diapause development. Other
 
temperatures tested (12, 16, 28°C) had negative effect (Table
 
IV-4). There were significant differences among the egg hatch
 
based on length of cold temperature exposures. Deleterious
 
effects were visible as eggs were exposed to 3 °C for more than
 
154 days. The days required for 1st and 50% hatch also
 
differed as the length of chilling was increased from 96 to
 
171 days. There appeared to be some difference between 137 and
 
171 days chilling at almost all post-diapause incubation
 
temperatures. Although some compensation seemed to occur
 
between the length of chilling and post-diapause development,
 
there appeared to be a continuum of diapause termination
 
rather than an abrupt end, although these interactions are not
 
well understood. The sensitivity of eggs to post-diapause
 
development was reduced as they were exposed to chilling for
 
171 days (Tables IV-4 and 5). Similarly,  diapause development
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was retarded as the chilling temperature was increased from 3
 
to 6 °C and 9 °C; poor egg hatch and decreased synchronization  of
 
hatch was noticed (Tables IV-5 and 6). Once diapause is
 
induced, it is maintained in the field by cold temperature in
 
the beginning and by the lack of occurrence of suitable
 
temperatures for post-diapause development during later
 
phases. Once suitable temperatures occur the post-diapause
 
development phase is initiated.
 
Under field conditions, diapause  development in A.
 
rosanus eggs occurs over a 9 month period as the diapausing
 
eggs are found from June to April  (AliNiazee 1977). To
 
determine the rate of diapause development in the field,
 
overwintering eggs were collected starting June 1991 through
 
April 1992, at frequent interval and these eggs were exposed
 
to post-diapause development conditions at four different
 
temperatures and 16L:8D photoperiod. Data (Tables IV-7 and 8)
 
from these experiments suggest that diapause in most eggs was
 
completed by early March,  although a small proportion of eggs
 
had completed diapause by the middle of January. The mean time
 
required for egg hatch decreased as egg collection date was
 
moved ahead from January to February and to March. The short
 
amount of time required for egg hatch observed at 20 and 24°C
 
incubation temperature for March 17, indicates that some post­
diapause development had already occurred in the field. A
 
chilling unit (CU) requirement of 115 was estimated for
 
diapasue development for this insect.
 Table IV-7. Diapause termination in the field population of Archips rosanus.
 
Dates eggs
  Mean number of days required for 1st hatch at different
 collected
  exposure treatments  ( °C)
 from field
 
16
  20
  24
  28
 
Mean ± Sd
  Mean ± Sd
  Mean ± Sd
  Mean ± Sd
 
11/01/91  0.0  0.0
  0.0
  0.0
 11/30/91
  0.0
  0.0
  0.0
  0.0
 12/02/91
  0.0
  0.0
  0.0
  0.0
 12/31/91  0.0
  0.0
  0.0
  0.0
 1/16/92  20.9a  1.6  15.5a  1.9
  11.7a  1.1
  9.6a  1.7
 2/02/92  13.7b  1.2  10.1b  0.8
  6.5b  0.7
  5.8b  0.8
 2/18/92  11.6c  2.8  7.5c  0.3
  6.1b  0.7
  5.9b  0.6
 3/06/92  4.0d  0.7  3.4d  0.7
  3.6c  0.6  3.8b  0.9
 3/17/92  1.8e  0.5  1.6e  0.5  1.4d
 0.3  1.4c  0.3
 4/01/92
  1.4ef 0.5
  1.4ef  0.5
  1.3de  0.2
  1.0cd 0.0
 
Means within columns followed by the same letter are not significantly different
 (P > 0.01) using LSD test.
 Table IV-8. Time required for egg hatch and total percent egg hatch of Archips

rosanus (Mean of 16, 20, 24 °C treatments)  following different amount

of chilling under field conditions of Willamette Valley, OR.
 
Date  CU acquired
  Days required  % Hatch
 Sampled  starting
  to 1st hatch
 
Oct.,16
  (Mean ± Sd)
  (Mean ± Sd)
 
11/01/91  0.0
  0.0
  0.0
 11/30/91  0.0
  0.0
  0.0
 12/02/91  0.0
  0.0  0.0
 12/31/91  0.0
  0.0
  0.0
 1/16/92  74.5
  16.8a  1.5  13.5a  4.6
 2/02/92  88.5
  11.4b  0.9  40.9b  12.8
 2/18/92  104.0
  9.5c  1.3
  45.4b  12.8
 3/06/92  114.5
  4.2d  0.7
  69.4c  8.5
 3/17/92  121.5
  1.8e  0.5  76.1c  6.9
 4/01/92  129.5
  1.3e  0.4  10.8a  8.4
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
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No larvae hatched from over 180 eggs masses collected
 
from the field during the months of June through December. The
 
1st egg hatch was observed in the January 16 sample,  although
 
the percent hatch  was fairly small (about 13%)  suggesting
 
that not enough chilling was accumulated by this date. A sharp
 
decline in hatchability occurred at the sampling date of April
 
1, suggesting that most of the fertile eggs had already
 
hatched in the field by this  date. Data (Tables IV-7 and 8)
 
clearly establish the 'obligate
  '
  nature of diapause in A.
 
rosanus (Danilevskii 1965) that required cold temperature for
 
diapause termination  (AliNiazee 1977).
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CHAPTER V
 
OVIPOSITION PATTERN, FECUNDITY AND ADULT LONGEVITY OF THE
 
FILBERT LEAFROLLER, ARCHIPS ROSANUS L.
 (LEPIDOPTERA:

TORTRICIDAE) IN THE LABORATORY AT CONSTANT TEMPERATURES
 
Abstract
 
The oviposition, adult longevity and fecundity of the
 
filbert leafroller, Archips rosanus L.
 (Lepidoptera:
 
Tortricidae) were examined under  laboratory conditions. Data
 
indicated that both temperature and photoperiod had a
 
significant (P > 0.01) influence on adult longevity. At 20°C
 
treatment a significant difference in adult longevity was
 
noticed between 24 hr and 0 hr photoperiods. At 16 °C, only the
 
20 hr photoperiod was significantly different from others.
 
Adult longevity increased at lower temperatures and decreased
 
at higher temperatures. Also,  at moderate photoperiods (8-16
 
hr light), the longevity was slightly lower than at shorter
 
and longer photoperiods.  Both of these factors affect adult
 
longevity independently and collectively.
 
No significant level of interaction between temperature
 
and photoperiod was observed on adult fecundity. Temperature
 
had a dominant effect on fecundity, while photoperiod was less
 
important. The optimum temperature for adult (the temperature
 
with the highest fecundity) was 20°C. The thermal threshold for
 
egg laying was determined by using regression and was
 
estimated to be 12.2 °C. Optimum oviposition (86.196 females
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laying eggs) occurred at 20°C. Under laboratory conditions,  the
 
preoviposition period ranged from 1-6 days with an overall
 
mean of 2.5 days. A large reduction in fecundity was observed
 
at 28°C temperature treatments.
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Introduction
 
Archips rosanus L. is a polyphagous insect and a common
 
pest of hazelnut (filbert) orchards in Oregon (AliNiazee
 
1980). The damage is caused by larval feeding and rolling of
 
the foliage. In the Willamette Valley of Oregon, pupation
 
occurs within the rolled leaves made by larvae during the end
 
of May and early June and adults emerge within one to two
 
weeks after pupation (AliNiazee 1977, Calkin et al. 1983).
 
Adults generally appear during the first week of June and are
 
present until mid-July, although a few adults may be found as
 
late as the end of August (AliNiazee 1977). The oviposition of
 
A. rosanus occurs during June and July. Field studies (chapter
 
VI) indicated that eggs are laid in egg masses averaging about
 
50 eggs. Eggs overwinter and hatch during the next spring. The
 
egg masses are laid singly, sometimes next to each other and
 
overlapping like fish scales. The masses are greenish to blue
 
when laid and change from dark green to light brown during
 
winter and by early spring the egg masses are dull white. Eggs
 
are laid on the clean surfaces of main trunk and major
 
branches of host trees.
 
A large amount of information exists on the distribution,
 
host range and pest status of A. rosanus (Blackmore 1921,
 
Gibson 1924, Markelove 1957, Chapman and Lienk 1971, Chapman
 
1973, AliNiazee 1974,1983ab, and Minyailo  1985). However,
 
relatively little is known about adult longevity,
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oviposition and  fecundity particularly under various
 
temperatures and photoperiod conditions. This study was
 
initiated to evaluate the effects of constant temperatures and
 
photoperiods on the longevity, oviposition and fecundity of
 
adults of the filbert leaf roller under laboratory conditions.
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Materials and Methods
 
The newly emerged adults (less than 24 hr old) required
 
for this study were obtained from a laboratory culture
 
maintained at 24°C, 16 hr photoperiod in the laboratory. These
 
adults were transferred to 450 ml card-board ice cream cartons
 
which were covered with cotton netting for aeration. One dram
 
glass vial containing cotton soaked in a 5% sucrose solution
 
was placed in the center of each container for food. Waxed
 
paper lining was provided for oviposition in each container.
 
The waxed paper was replaced daily and checked for
 
oviposition. The cartons containing the adults were exposed to
 
six different photoperiods (0, 8, 12, 16, 20, and 24 hr) under
 
four different temperature treatments (16, 20, 24 and 28 ± 1°C)
 
and constant humidity of 75 ± 10% R.H. Experiments were
 
conducted using Percival model B-2 growth chambers. The
 
oviposition pattern and fecundity were checked in 96 pairs.
 
Each replication had six pairs and each treatment was
 
replicated four times. The adult longevity studies were
 
conducted with a total of 576 pairs of adults. Observations
 
for egg laying and mortality of adult moths were recorded
 
daily and data were summarized to delineate the effect of the
 
factors tested.
 
The influence of temperature and photoperiod on
 
oviposition and adult fecundity and longevity was analyzed by
 
using SAS statistical program. The role of these factors was
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assessed independently and collectively.  The tests of
 
significance were performed using ANOVA and means were
 
separated by LSD test.
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Results and Discussion
 
The effect of temperature on the longevity of adult
 
insects is well documented in the literature. With A. rosanus,
 
although no studies have been conducted,  it was expected that
 
increasing temperatures would decrease the life-span. Data
 
(Tables V-1 to 3)
  show that adult life span of A. rosanus was
 
indeed effected by surrounding temperatures. The longest adult
 
mean life span (31.9 ± 4.3 days, Mean ± Sd)
  was noticed at 16°C
 
and 20L:4D photoperiod, while the shortest life span (12.5 ±
 
3.1 days, Mean ± Sd) was found at 28°C and 16L:8D photoperiod.
 
There was an inverse relationship between the increasing
 
temperature and adult longevity. As temperatures increased,
 
longevity decreased (Figure V-1). However, very low and high
 
temperatures were detrimental, whereas the median temperature
 
16 -24 °C were optimal for adult longevity.
 
There was a marked difference in the length of life-span
 
of males and females. In almost all treatments, the males
 
lived longer. In general, males lived about 10% longer than
 
females (Tables V-1 & 2). The average life-span of A. rosanus
 
was about 4 weeks at 16 °C, 2.5 weeks at 20 and 24°C, and 2
 
weeks at 28 °C. The analysis of variance indicated that
 
photoperiod also had significantly impacted the longevity at
 
different treatment temperatures (P > 0.01) and both sexes
 
were equally affected (Table V-4). The effect of photoperiod
 
on adult longevity is relatively unknown. Since photoperiod is
 Table V-1.  Influence of photoperiod
  at different temperatures on the longevity (Mean

days ± sd) of adult male of Archips rosanus.
 
Photoperiod
  Temperature  ( °C)
 
hrs
 
L D  16
  20  24
 
Mean ± Sd  Mean ± Sd  Mean ± Sd  Mean ± Sd
 
OL:24D  31.2ab  3.1  19.1c  3.9
 
:  28
 
19.8ab  3.1  12.2b  1.3
 
8L:16D  27.8b  2.7
  16.3c  0.9  18.0ab  1.6  15.0ab  3.8
 
12L:12D  28.9ab  2.8  18.3c  0.7  17.3b  1.4  15.8a
  2.6
 
16L: 8D  30.9ab  3.1  18.2c  0.4  17.3b
  1.4  13.6ab  3.9
 
20L: 4D  32.3a  3.3  23.4b
  0.9  18.8ab  1.3  15.7ab  0.6
 
24L: OD  31.5a  3.7  27.4a  3.2  20.9a  2.2  16.4a  1.9
 
Means within columns followed by the same letter are not significantly different

(P > 0.01) using LSD test.
 Table V-2.	 Influence of photoperiod at different temperatures on the longevity (Mean

days ± sd) of adult female of Archips rosanus.
 
Photoperiod	  Temperature  ( °C)
 
hrs
 
L  : D	  16
  20	  24
  28
 
Mean ± Sd	  Mean ± Sd  Mean ± Sd
  Mean ± Sd
 
OL:24D  26.7b  2.3  17.8a
  2.9  17.5a  1.9  11.5a  1.3
 
8L:16D  26.4bc  1.4  16.8a  1.8
  16.6a  2.1  10.9a  1.8
 
12L:12D  23.1c  1.7  17.7a  4.4  15.7a  0.3
  12.2a  0.9
 
16L: 8D  24.7bc  2.4  17.3a
  3.7  15.8a  0.2  11.4a  1.6
 
20L: 4D  31.4a  5.6  19.9a  1.2
  13.4a  0.9  10.4a  0.9
 
24L: OD  23.3bc  3.4  17.8a  1.9  15.4a
  1.9  11.3a  4.4
 
Means within columns followed by the same letter are not significantly different
 
(P > 0.05) using LSD test.
 Table V-3. Influence of photoperiod at different temperatures on the longevity (Mean
 days ± sd) of adult Archips rosanus (sexes combined).
 
Photoperiod
  Temperature  ( °C)
 hrs
 
L D
  16
 :  20
  24
  28
 Mean ± Sd
  Mean ± Sd
  Mean ± Sd
  Mean ± Sd
 
OL:24D  28.9ab 3.5
  18.5b  3.3  18.7a  2.7
  11.9a  1.2
 
8L:16D  27.1b  2.1
  16.5b  1.3  17.3a
  1.9  12.9a  3.5
 
12L:12D  26.0b  3.8
  18.0b  2.9  16.5a  1.3
  14.0a  2.7
 
16L: 8D  27.8b  4.2
  17.8b  2.5  16.5a  1.2
  12.5a  3.1
 
20L: 4D  31.9a
 4.3  21.7a  2.1  16.1a
 3.1  13.1a  2.9
 
24L: OD  27.4b  5.5
  22.6a  5.7  18.2a  3.5
  13.9a  4.2
 
Means within columns followed by the same letter are not significantly different
 (P > 0.05) using LSD test.
 Table V-4.	  Photoperiod effect on the  longevity of Archips rosanus at median
 
temperatures.
 
Temperature
  Photoperiods

(°C)	  0 L  8 L
  12 L  16 L  20 L  24 L
 
20  18.5b  16.5b  18.0b  17.8b  21.7a
  22.6a
 
24  18.7a  17.3a  16.5a  16.5a
  16.1a  18.2a
 
Means within rows followed by the same letter are not significantly different

(P > 0.01) using LSD test.
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not a variable factor at a given date, its role on insect
 
longevity was rarely investigated and presumed to be
 
unimportant. However, as we improve our understanding of
 
fundamental insect biology, I feel that photoperiodic effects
 
on insect development might become more evident. Data in Table
 
V-1 show that photoperiod had a marked influence on life-span
 
of A. rosanus males. In general, the  shorter longevity was
 
seen at 8-16 hr and the longest life spans were noticed at
 
very short or very long photoperiods. For example,  at 20°C, a
 
significant difference in longevity was found between 24 L
 
photoperiod and the other photoperiods tested.  Similarly at
 
24°C, significant difference was found between 24L, 12L and 16L
 
photoperiod. At 28°C, a significant difference was observed
 
between 24L treatment and OL treatment, while other treatments
 
were not significantly different.
 
With females (Table V-2), the differences were less
 
pronounced. Only at 16°C, significant differences  were observed
 
between 20L photoperiod and the other photoperiod treatments.
 
At other temperature treatments, no significant differences
 
among the different photoperiod were seen. When both sexes
 
were combined (Table V-3), significant differences were
 
observed among different treatment photoperiods at both 16 and
 
20°C. In general, longer adult survival occurred at extreme
 
photoperiod treatments particularly at lower temperatures and
 
shorter adult survival occurred at median photoperiod
 
treatments.
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Longevity was inversely correlated with increasing
 
temperatures (Figures V-1 & 2). The mean longevity (for all
 
temperature treatments) for the male was 21.1 days, for the
 
females it was 17.7 days, and for combined sexes 19.4 days
 
(Table V-5). The differences among the male and female were
 
statistically significant. The mean adult longevity decreased
 
in a linear response as the temperature increased (Table V-5,
 
/2 = 0.75, 0.69 and 0.66, for female, male and combined  sex,
 
respectively).
 
The preovipositon period in A.  rosanus was very short.
 
The females spent three days at 16 and 24°C treatments and
 
slightly more than one day at 28 °C. Varying the length of
 
photoperiod had no effect on pre-oviposition period (Table V­
6). The fecundity of A. rosanus was also unaffected by the
 
length of photophase. There were significant differences in
 
the fecundity at different temperatures. Fecundity varied from
 
an average of 129.9 eggs per female at 28 °C to an average of
 
201.8 eggs per female at 20 °C (Table V-7). The thermal
 
threshold for egg laying was estimated to be 12.2 °C (Figure V­
3). The optimum oviposition occurred at 20 °C, while a slight
 
reduction in fecundity was found at 16 and 24 °C. Egg laying
 
occurred over a period of 7-12 days. Over 86.1% of females
 
oviposited at 20°C while only 44.2 o females oviposited  at 28 °C.
 
At higher temperatures, premature adult mortality increased
 
and the number of females laying eggs drastically decreased.
 
This indicates the major role of temperature in fecundity of
 Figure V-1. Influence of temperature on the longevity of adult Archips rosanus
 (male, female and both sexes combined).
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30 Table V-5. Regression of adult longevity vs temperature of Archips rosanus

(male, female and both sexes combined).
 
Sex
  Mean
  2
 Regression Line  r
 
Male
  21.1a  Y = 47.8625  - 1.2168X
  0.69
 
Female
  17.7b  Y = 43.0576  - 1.1521X
  0.75
 
Combined
  19.4b  Y = 45.4601  1.1845X  0.66
 
Means followed by the same letter are not significantly different
 (P > 0.01)
 using LSD test.
 Table V-6. Preovipositon period of Archips rosanus females exposed to

different constant temperatures.
 
Temp  n
  No. of days to 1st oviposition

( °C)
  Mean  +  Sd
 
16  24
  3.Oa  0.9
 
20  24
  3.Oa  0.8
 
24  24
  2.5b  1.1
 
28  24
  1.3c  0.9
 
Means followed by the same letter are not significantly different (p > 0.01)
 using LSD test.
 Table V-7. The fecundity of Archips rosanus females at different constant
 
temperatures.
 
Temp 
( °C)  n 
Number of eggs 
Mean  ±  Sd 
% Females up to 31 day 
Oviposited  Not oviposited  Dead without 
oviposition 
16  24  167.2b  22.7  74.3  25.7  0.0 
20  24  201.8a  32.5  86.1  13.9  0.0 
24  24  156.4b  32.1  83.3  10.8  5.8 
28  24  129.9c  24.8  44.2  47.5  8.3 
Means followed by the same letter are not significantly different (P > 0.01)
 using LSD test.
 Figure V-3. Regression of oviposition and temperature showing

thermal threshold for egg laying.
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A. rosanus. Many females began oviposition on the third day
 
after emergence, and after a few days of ovipositing, the
 
females completely stopped laying egg. Some females had eggs
 
in the ovaries but did not oviposit  during their entire life
 
while others did not produce any eggs.
 
The length of photoperiod had no significant effect on
 
the fecundity or oviposition of A. rosanus (Table V-8),
 
although it seems to play an important role in longevity.
 Table V-8.  Influence of photoperiod at different temperatures on the fecundity (Mean

no. eggs/female ± sd) of adult Archips rosanus.
 
Photoperiod 
hrs 
Temperature  ( °C) 
L  :  D  16 
Mean ± Sd 
20 
Mean ± Sd 
24 
Mean ± Sd 
28 
Mean ± Sd 
OL:24D  168.5a 25.4  214.2a 34.5  153.3a 28.5  131.6a 43.1 
8L:16D  169.1a 24.5  203.8a 15.4  155.9a 31.9  136.5a 24.9 
12L:12D  176.4a 32.1  210.1a 16.9  180.2a 27.6  138.9a  18.6 
16L: 8D  177.8a 17.6  228.5a  3.5  186.2a 29.4  141.5a 18.2 
20L: 4D  149.3a  8.9  168.2a  23.9  139.2a 20.9  117.3a 21.2 
24L: OD  162.2a 23.6  186.1a  51.9  123.5a 14.8  113.4a 12.9 
Means within columns followed by the same letter are not significantly different

(P < 0.05) using LSD test.
 111 
Whitehead, W. E.  (1926). Notes on the current leafroller
 
(Cacoecia rosana L.  in Nova Scotia, Acadian Entomol.
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Soc. Proc. 10:76-79.
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CHAPTER  VI
 
SEASONAL PHENOLOGY OF THE FILBERT LEAFROLLER, ARCHIPS ROSANUS
 
L. (LEPIDOPTERA: TORTRICIDAE) IN  THE WILLAMETTE VALLEY, OREGON
 
Abstract
 
The seasonal phenology of the filbert leafroller, Archips
 
rosanus L.  (Lepidoptera: Tortricidae)  was studied in the
 
Willamette Valley of Oregon during a three year period (1992­
1994). The first egg hatch occurred between the second and
 
third week of March. The early individuals of the first larval
 
instar completed development during the first week of April
 
and required an average of 60 thermal units (TU); seasonal
 
larval peak was achieved during the second week of April. The
 
overall mean larval developmental time was 12.5 ± 1.4 (mean ±
 
sd) days. The last larval instar completed development as
 
early as June 11 or as late as June 20 with a total life span
 
ranging from 5 to 11 weeks. The average percentage egg hatch
 
and larval survival was 71.7% and 541,-, respectively. The first
 
pupa was found during the last two weeks of May with an
 
average of 379 TU. Adult emergence varied from year to year.
 
Initial emergence ranged from May 31 to June 5 and required
 
496 TU and the last emergence occurred as early as July 1 or
 
as late as July 9. Peak adult emergence occurred between the
 
second and the third week of June. Females emerged slightly
 
earlier than males. The adult emergence period ranged from 32
 
to 36 days with an average of 34. The time between first
 113
 
appearance of moths and the first oviposition ranged from 1 to
 
6 days with an average of 2.5 days,
 requiring 549 TU. Peak
 
oviposition occurred during the second week of June. The adult
 
life span under field conditions ranged from 5 to 32 days with
 
an average of 17 days.
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Introduction
 
The filbert leafroller, Archips rosanus L. is a major
 
pest of hazelnut in Oregon. It is a foliar feeding pest, which
 
occasionally causes damage to young, developing nuts during
 
late April and May (AliNiazee, 1983a).  The damage is caused by
 
larval feeding and rolling of the leaves. It is highly
 
damaging in young trees where the foliage is limited and heavy
 
infestation may cause stunted growth and defoliation
 
(AliNiazee, 1974). Nearly 70-80% of Oregon filbert acreage is
 
infested by this pest.
 
A large amount of information exists on the distribution,
 
host range and pest status of this leafroller species
 
(Blackmore 1921, Gibson 1924, Whitehead 1926, Hey and Thomas
 
1933, Markelove 1957, Sylven 1958,  Chapman and Lienk 1971,
 
Benfatto 1973, AliNiazee 1974,1976,  1977, and 1983b, Minyailo
 
1985). It occurs as an univoltine insect throughout its
 
distribution range including Oregon.
 
As in many other insects, the seasonal cycle of A.
 
rosanus is regulated by diapause which serves as a pathway
 
between favorable and unfavorable environmental conditions.
 
Photoperiod and temperature are known to play an important
 
role in diapause and post diapause development phases
 
(Andrewartha 1952, Lees 1953 and 1955, Danilevsky 1965, Beck
 
1968, Powell 1974, Tauber and Tauber 1976, Gangavalli and
 
AliNiazee 1985 and AliNiazee 1988). The seasonal cycle of A.
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rosanus is not  well studied.
 
Management of any pest species is dependent on our
 
ability to accurately predict its seasonal phenology.
 
Consequently, the understanding of  seasonal phenology is
 
important in developing meaningful IPM programs. The degree of
 
flexibility and timing of the phenological events reflect the
 
quality and success of adaptation of a given organism to its
 
environment. The studies reported here were aimed to describe
 
the phenology and seasonal development of A.  rosanus under
 
Willamette Valley conditions.  Such information is essential
 
for development of more meaningful phenological and pest
 
management models as well as determination of proper timining
 
for application of pest control tactics.
 116
 
Materials and Methods
 
Insects required for this study were obtained from the
 
field by collecting eggs during the last two weeks of March of
 
1992, 1993, 1994 and maintained at 20 ± 1°C with (16L:8D) light
 
and dark for hatching. A concurrent study was conducted in the
 
field by marking a specific number of eggs to determine the
 
day of first hatch in the field.  The seasonal phenology and
 
development of A. rosanus was studied by selecting three
 
hundred (300) neonate larvae and placing them in one ounce
 
plastic cups containing approximately  1.5g artificial diet.
 
The artificial diet used was a wheat germ based codling moth
 
diet produced by Bioserve,  Frenchtown, NJ. These cups
 
containing the larvae were covered with lids and were
 
transferred to unsprayed hazelnut trees at the Entomology
 
Farm, Oregon State University, Corvallis, Oregon starting from
 
the date of 1st hatch in the field. The development was
 
observed during this three year study period on a daily basis
 
during the months of March through June. Records were kept on
 
larval and pupal development and adult emergence.
 
Following adult emergence, sixty pairs (< 24 hrs old)
 
were caged individually (1 male + 1 female) in 450m1s card
 
board ice cream cartons covered with cotton netting, for
 
oviposition studies. One dram glass vial containing cotton
 
soaked in 5% sucrose solution was placed in the center of each
 
container for food. Waxed papers  were provided for
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oviposition in each container.  The waxed papers containing
 
eggs were collected and recorded daily.  The oviposition
 
pattern and rate were also recorded and the field longevity of
 
adults was checked. The thermal units required for each
 
biological event were determined using meteorological data
 
collected from Hyslop Exp. Station during the study. Based on
 
the laboratory studies reported earlier (see Chap. III),
  a
 
generalized thermal threshold of  5.33 °C for the larval stage
 
was used in this study. The thermal units were calculated
 
using methods described by Baskerville and Emin (1969) using
 
the Pasheat Computer Program. The day at which the larvae were
 
placed in the field for development was used as the starting
 
date for accumulation of thermal units and served as a
 
biological fixing point (Biofix). The data was recorded and
 
subjected to SAS statistical program for analysis.
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Results and Discussion
 
The larval development pattern as noticed during 1993 is
 
presented in Figure VI-1. In 1993, the first larval instar was
 
observed on April 6, the larval numbers increased with time
 
and reached a seasonal peak on April 13 and terminated on May
 
12 (Table VI-1, Figure VI-1).
  The second larval instar was
 
first observed on April 17,  nearly eleven days after the
 
appearance of the 1st instars, peaked on April 28, then
 
decreased and terminated on May 21. The third larval instar
 
was first observed on April 26, all larvae were out of this
 
stage by June 2. The fourth larval instar was observed on May
 
7, increased to a seasonal peak on May 17, then slowly
 
disappeared from the samples by June 11. The fifth larval
 
instar was first observed on May 18, and the entire larval
 
development in the field was completed by June 20, 1993. The
 
total larval period during 1993  was 62.5 ± 6.8 days.
 
In 1994, the first larval instar was observed on April 6,
 
peaked on April 14, and disappeared by May 28 (Table VI-1,
 
Figure VI-2). The second larval instar was first observed on
 
April 17, with a seasonal peak on April 24, while the 3rd
 
larval instar was first observed on April 27 and disappeared
 
from the field by May 24. The fourth larval instar first
 
appeared on May 4, peaked on May 15, and terminated on May 28.
 
The fifth larval instar closely followed the 4th, appearing
 
May 18, and completing development by June 11, 1994. Thus the
 Figure VI -l. Seasonal patterns of  larval development of Archips rosanus under
 field conditions of the Willamette Valley, OR (1993-study).
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Larval
 
stage
 
A-First
 
a. First
 
b. Peak
 
c. Last
 
B-Second
 
a. First
 
b. Peak
 
c. Last
 
C-Third
 
a. First
 
b. Peak
 
c. Last
 
D-Fourth
 
a. First
 
b. Peak
 
c. Last
 
E-Fifth
 
a. First
 
b. Peak
 
c. Last
 
Time and thermal units (TU)
 required for the different larval instars
 of Archips rosanus under field conditions of the Willamette Valley,
 OR.
 
Year of study  Ave.  Time req.bet.
  Average TU  TU req. to progress
 1993  1994  date
 events (days)
  required  from one event to
 
starting  another
 
March,26
 
04/06  04/06  04/06  60
  ....
 04/13  04/14  04/14
  8  94
 
05/12  05/28  05/20  6 
34
 
370
  276
 
04/17  04/17  04/17
  11  114
 
04/28  04/24  04/26  9 
54
 
172
 
05/21  05/13  05/17  21 
58
 
339
  167
 
04/26  04/27  04/27
  11  177
 
05/09  05/05  05/07  10 
63
 
248
  71
 06/02  05/24  05/28
  21  452
  204
 
05/07  05/04  05/06  9  239
 
05/17  05/15  05/16  10 
62
 
330
 
06/11  05/28  06/04  19  514 
91
 
275
 
05/18  05/18  05/18  12
  349
 
05/24  05/27  05/25 
110
 
7  433  84
 06/20  06/11  06/16  21
  626  193
 Figure VI -2. Seasonal patterns of larval development of Archips rosanus under
 
field conditions of the Willamette Valley, OR (1994-study).
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total larval period during 1994  season was 61 ± 6.4 day,.
 
In 1993, out of 350 larvae, a total of 203 (58%)
 
completed only five larval instars and 8  (2.29%) completed a
 
sixth larval instar. In 1994 out of 420 larvae, a total of 169
 
(40.24%) completed the five larval instars and 11 (2.62%)
 
completed the six larval instar. High larval mortality
 
(46.80%) was recorded during this year. The first larval
 
instar was specially vulnerable. This  may be related to
 
genetic and/or environmental factors, including the individual
 
sensitivity to the dropping of temperature below the
 
developmental threshold, which was frequently observed during
 
early March. AliNiazee (1977) reported that the first and
 
second instar larval period varied from 2-3 weeks and the last
 
three larval instars required from 7-15 days each under field
 
conditions. However, in my study, the first instar larval
 
period varied from 2.5-3.5 weeks and the last  four instars
 
required from 7-14 days. An appreciable number of larvae
 
completed their development in 8 to 21 days (Table VI-2 to 4).
 
Because of inadequate samples collected, little data was
 
obtained during the 1992 season. Moreover, the early season
 
rainfall destroyed some additional experiments thus 1992
 
larval development data were not used.
 
The first pupa formed on May 19, 1993 and on May 21, 1994
 
(Figure VI-3, Table VI-5). Pupation was completed during the
 
third week of June. In 1993, out of 210 pupae, a total of 196
 
adults (93.3%) emerged and a total of 14 (6.7%) failed to
 Table VI-2. Developmental time in days (Mean ± sd) of Archips rosanus larvae as
 affected by egg hatch dates under field conditions of the Willamette
 Valley, OR (1993-1994 studies).
 
Date
  Larval Instars
  Pupa
 of
 
Start  1  2  3 4
  5
 
Mean ± Sd  Mean ± Sd
  Mean ± Sd  Mean ± Sd
  Mean ± Sd  Mean ± Sd
 
1993
 
Mar.,26  26.9a
 3.7  11.1ab 0.4  9.8a 0.8  8.9a 0.9
  10.9a 1.1  16.7a 0.7
 Mar.,27  21.2b  1.5  10.4b  0.7  10.1a 0.3
  9.2a 0.9  10.5a 0.6  16.4a 0.6
 Mar.,28  20.8bc 2.7
  10.8ab  0.7  9.4a 0.5
  8.7a  0.4  10.9a 1.2  17.8a 0.8
 Mar.,29  19.4c  2.4
  12.1a  0.8  9.9a 0.5
  8.5a 0.7  11.3a  0.4  16.9a 0.7
 
1994
 
Mar.,26  20.4a 2.6  11.3a  0.9
  9.9a 0.9  9.9ab 0.8  12.7ab 0.6  17.1a 0.9
 Mar.,27  20.1a 2.6  11.2a  0.9
  9.7a 0.5  11.0a  1.2  13.5a  1.5  17.5a 0.9
 Mar.,28  17.9b 2.6  11.4a 1.6
  10.3a  0.6  8.9bc  0.7
  12.3ab 0.5  16.7a 0.8
 Mar.,29  18.5b 0.9  11.9a 1.2
  9.3a 1.1  7.9c
 0.6  11.4b  0.3  17.2a 0.4
 
Means within columns followed by the same letter are not significantly different
 (P > 0.01) using LSD test.
 Table VI-3. Mean developmental time  in days of Archips rosanus under field conditions
 
of the Willamette Valley, OR.
 
Year of study

Biological
 
event
  1993
  1994
 
Mean ± Sd  Range  Mean ± Sd  Range
 
1) Larval Stage
 
a. First Instar  21.5a  3.8  20.8
  26.9  19.2a  2.4  17.9  20.4
 
b. Second Instar  11.3c  0.9  10.4
  12.1  11.5d  1.2  11.2  11.9
 
c. Third Instar  9.8d  0.6
  9.4  10.1  9.8e
 0.8  9.3  - 10.3
 
d. Fourth Instar  8.8e  0.7  8.5  9.2
  9.2e  1.2  7.9  10.0
 
e. Fifth Instar  11.1c  0.8  10.5
  11.3  12.5c  1.1  11.4  13.5
 
2) Pupal Stage  16.9b  0.8
  16.4  17.6  17.1b  0.8  16.7  17.5
 
Means within columns followed by the same letter are not statistically significant

different (p <0.05) using LSD test.
 Table VI-4. The percent developmental rates of Archips rosanus under field conditions
 of the Willamette Valley of OR.
 
Year of study

Biological
 
event
  1993
  1994
 
Mean  Range
  Mean  Range

(100/Days)  (100/Days)
  (100/Days)  (100/Days)
 
1) Larval Stage
 
a. First Instar  4.6  3.7  5.2
  5.2  4.9  5.6
 
b. Second Instar  8.8
  8.2  9.6
  8.7  8.4  9.9
 
c. Third Instar
  10.2  9.9 -10.6
  10.2  9.7 -10.7
 
d. Fourth Instar  11.4
  10.9 -11.7
  10.9  10.0 -12.7
 
e. Fifth Instar  9.1
  8.8  9.5
  8.1  7.4  8.8
 
2) Pupal Stage  5.9
  5.7  6.1
  5.8  5.7 - 5.9
 Figure VI-3. Seasonal patterns of pupal development  of Archips rosanus under field
 
conditions of the Willamette Valley, OR (1993-1994 studies).
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of Archips rosanus under field conditions of the Willamette Valley,  OR
 (1992  1994).
 
Year
  First occurrence
 
Larvae hatch  Pupae  Adult emergence  Oviposition
 
1992  03/17
 
1993  03/20  05/19  06/05
  06/10
 
1994  03/15  05/22  05/31
  06/06
 
MEAN  03/17  05/21  06/03  06/08
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emerge. Failure of adults to emerge may be related to
 
temperature extremes observed in the field. In 1994, out of
 
172 pupae, a total of 139 adult  (80.8%) emerged, and 33
 
(19.2%) failed to emerge. Since this was a controlled study
 
and no access to naturally occurring  parasitoids was provided,
 
the parasitoid activity was non-existent. Under natural
 
conditions however, larval-pupal parasitism is very
 
prevalent (AliNiazee 1977). In another field study, I
 
collected 200 pupae from a filbert orchard near Albany, and
 
checked for adult emergence and the rate of parasitism during
 
1994. About 71% adult emergence was noticed in this study, and
 
nearly 5% parasitism was found.
 
The adult emergence during 1993 season was first noticed
 
on June 5, with a seasonal peak on June 14, and last adults
 
emerged on July 9th. However, the continuous emergence ended
 
on July 1 and then only one adult female emerged on July 9.
 
Total emergence duration was 36 days (Table VI-6 and Figure
 
VI-4). Looking at the initial egg hatch pattern, the
 
difference (in days) between the 1st and the last larvae in
 
the field is not surprising, and it appears that this
 
variation is not magnified over time. A total of 121 adults
 
emerged, with a sex ratio of approximately 56 males  :
 
females, a sex ratio of 1.1
  :
  1.3. Adult males were generally
 
more abundant during the early season, but the females were
 
more common	 during the later part of the season.
 
During 1994, adult emergence in the field began on May
 
65 Table VI-6. Seasonal pattern of adult emergence of Archips rosanus under field

conditions of the Willamette Valley,  OR.
 
Year  No. of  Adult emergence  Emergence  Adults  % Emergence

individuals  First  Peak  Last
  duration  emerged
 
(No.)
 1993  210  06/05  06/14  07/09  36 DAYS  196  93.3
 
1994  172
  05/31  06/16  07/01  32 DAYS  139  80.8
 
Mean  191  06/03  06/15  07/05  34 DAYS  167  87.1
 Figure VI -4. Seasonal patterns of adult emergence of Archips rosanus under field

conditions of the Willamette Valley,  OR (1993-study).
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31, and gradually increased to a seasonal peak on June 16, and
 
then decreased gradually. The last adult of the season emerged
 
on July 1st. However, the continuous emergence ended on June
 
26, then only one adult female emerged on July 1st. Total
 
emergence duration was 32 days (Table VI-6 and Figure VI-5).
 
A total of 139 adults emerged, with a sex ratio of
 
approximately 1  1. Adult males were generally more abundant

:
 
during the early season and the females were more prevalent
 
during the later part of the season. The general shape of the
 
emergence curve (Figure VI-5) differed slightly from that of
 
the previous year (Figure VI-4). AliNiazee (1977) reported
 
that adults emerged during the second half of June and early
 
part of July and were active until the second week of August.
 
My studies established that the average first emergence
 
occurred around June 3, with peak emergence in the second week
 
of June. The last emergence occurred during the first week of
 
July and adults were active until the third week of July. The
 
prevailing temperature during the spring and early summer
 
months was the major factor determining the emergence rate and
 
adult survival in the field. The role of temperature on adult
 
survival is discussed in more details in Chapter III.
 
The oviposition of A.  rosanus under field conditions
 
closely follows adult emergence, oviposition began within 24­
48 hrs after adult emergence (Figure VI-6).  During 1993,
 
oviposition began on June 10, gradually increased to a
 
seasonal peak on June 19 and then declined.  Depending upon the
 Figure VI -5. Seasonal patterns of adult emergence of Archips rosanus under field

conditions of the Willamette Valley, OR (1994-study).
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emergence date of 1st female the oviposition continued for 2­
2.5 weeks. The last oviposition was noticed on June 27 (Figure
 
VI-7, Table VI-7). During 1994,  the oviposition began on June
 
6, and increased to a seasonal peak on June 16. Oviposition
 
terminated on June 24, (Figure VI-7, Table VI-7), with a total
 
oviposition period of about 3 weeks.
 
During the entire study period,  the oviposition duration
 
did not exceed three weeks.  Some females deposited one or two
 
egg masses and died, while others deposited 8-10 eggs masses.
 
Some females deposited no eggs although they lived for about
 
31-32 days (Table VI-9). The pattern of adult life span under
 
field conditions is presented in Figure VI-8 and 9. No
 
mortality occurred before the 4th day after emergence, but  8­
100 mortality was noticed during the second week and a large
 
number of moths died during the third week (Figure VI-8 and
 
9). The preoviposition period averaged 2.5
 days.
 
Data from this 3-year field study (1992-1994) suggests a
 
robust oviposition rate for A. rosanus. An average of 185
 
eggs/female were deposited in 1993 and an average of 168 in
 
1994 (Table VI-8). The mean percent egg hatch was 69.2%, 74.6%
 
and 68.9 during the years 1992, 1993 and 1994, respectively.
 
The mean percent larval survival was 60.3% in 1993 and 42.9%
 
in 1994 (Table VI-9). All eggs from a single egg mass did not
 
hatch at the same time but hatched over a period of 3-6 days.
 
Most unhatched eggs were infertile, although less than 5% were
 
parasitized.
 Table VI-7. Time and thermal units
  (TU) required for different biological events of
 Archips rosanus under field conditions of the Willamette Valley,  OR.
 
Year of  study  Ave.
  Time req.bet.  Average TU  TU req.to progress
 Biological  1993  1994  date
 events (days)  required
  from one event to
 events
  starting  another
 
March,26
 
Pupation  05/19  05/22  05/21
  379
 
Adult emergence
 
a. First  06/05  05/31  06/02  12
  496  117
 b. 10 %  06/07  06/09  06/08  6  549  53
  c. 25 %  06/10  06/12  06/11  3  581  32
 d. 50 %  06/13  06/15  06/14
  3  608
  e. 75 %  06/17  06/19  06/18  4 
27
 
647  39
 f.100 %  07/09  06/24  07/08  20
  879  32
 Oviposition
 
a. First  06/10  06/06  06/08  3
  549  53
 b. Peak  06/19  06/16  06/17  9
  636  87
  c. Last  06/27  06/24  06/25
  8  723  174
 Egg hatch  03/20  03/15  03/17  284
 Figure VI-7. Seasonal patterns of oviposition of Archips rosanus under field
 
conditions of the Willamette Valley, OR.
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36 Table VI-8. Preoviposition, oviposition, fecundity and adult life span of Archips

rosanus under field conditions of the Willamette Valley, OR.
 
Year  Preoviposition
  Oviposition  Fecundity (mean  Adult Life Span
 duration (days)  duration (days)
  No. eggs/female)
 
n  Mean Range  n  Mean Range
  n  Mean  Range  n  Mean Range
 
1993  50  3  1-5  50  185
  41-400  60  192
  68-400  120
  16  5-32
 
1994  52  2  1-6
  52  168  87-256
  56  183  110-258
  120  17  6-31
 Table VI-9. Egg hatch and larval survival of Archips rosanus under field conditions
 of the Willamette Valley,  OR, 1992-1994.
 
Year  Total  Total larvae 
eggs  % Egg hatch  survival (No.)  % Larval survival 
1992  1099  69.2 
-
1993  951  74.6  350  60.3 
1994  1411  68.9  420  42.9 
MEAN  1181  71.7  385  51.6 141
 
Under field conditions,  4-5% egg hatch was observed on
 
March 17, 1992, 3-5% egg hatch was observed on March 15, 1993
 
and 2-3% egg hatch was observed on March 20, 1994.  Since eggs
 
hatch over a 8-12 day period depending upon temperature
 
(AliNiazee 1977), this pattern was expected. Out of 2027 eggs
 
collected in the field in Washington county,  a total of 87
 
(4%) eggs were parasitized and out of 2813 eggs collected from
 
Linn county, a total of 102 (3%) eggs were parasitized.
 
The average thermal units (TU) required for completion of
 
different biological events of A. rosanus under field
 
conditions of the Willamette Valley of Oregon is shown in
 
Tables VI-1 and 7. Staring at the 1st egg hatch (biological
 
fixing point or Biof ix)  on March 26, the initial developmental
 
time of the first larval  instar was 60 TU. The 1st instar
 
larvae completed their development at the accumulation of 276
 
TU with a seasonal peak occurring at 94 TU. For the following
 
larval instars, the initial development started at the
 
accumulation of 114 TU for the second larval instar,
  177 TU
 
for the third, 239 TU for the fourth and 349 TU for the fifth.
 
They reached the seasonal peak at the accumulation of  172,
 
248, 330 and 433 TU, respectively.  The time (days) required
 
between events and the thermal units (TU) required to progress
 
from one event to another are given in Table VI-1.
 
Table VI-7 shows that the 1st pupae occurred at the
 
accumulation of 379 TU and first adult eclosion at 496 TU. The
 
10%, 25%, 50%, 75%, and 100% adult emergence were accomplished
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at the accumulation of 549, 581, 608, 647 and 879 TU,
 
respectively. The first oviposition occurred at the
 
accumulation of 549 TU and reached the seasonal peak at 636 TU
 
and this progrss (from first to the peak) of oviposition
 
required about 87 TU.
 
In 1993, the average developmental time of A. rosanus
 
under field conditions from the first larval instar to
 
pupation (starting March 26 and using developmental thresholds
 
as discussed in Chapter III) is given in Tables VI-2 to 4.
 
Analysis of variance indicated that the date of start of egg
 
hatch and experiment (March 26-29) had a significant effect on
 
the developmental time of 1st and 2nd instar larvae.  Once
 
these two instars were completed, the differential effect
 
disappeared or became less pronounced.  It appears that the
 
date of hatch may have had some effect on the developmental
 
rates, but it is difficult to prove whether the effect was
 
solely due to temperature difference during the early growth
 
period or some other factors.
 
In the beginning of spring, the first larval instars
 
required a longer developmental  time, this perhaps helped in
 
the synchronization with available host food. In the
 
subsequent larval instars, the developmental time decreased
 
perhaps as a result of elevated temperatures. The slowing down
 
in the developmental rate of the fifth larval instar (Table
 
VI-4) can be related to the physiological activities that
 
enable and prepare the insects biologically,  to go through the
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next stage of its life cycle, the
 pupal stage. The decrease
 
in the developmental rate allows insects to consume and store
 
sufficient amount of food for the non-feeding pupal stage.
 
During 1993, significant differences were found between
 
the different developmental times of the first and second
 
larval instar while 1994 data show that significant
 
differences occurred between the first,  fourth, and fifth
 
larval instars under the different date of start (March 26,
 
27, 28, and 29). The longer developmental times of the first
 
and the second larval instars can be attributed to the
 
response of the insect to the environmental conditions
 
particularly temperature at the beginning of spring that might
 
create the differences in the developmental times of these
 
two larval instars. Data suggest that cool spring temperatures
 
seem to cause the early larval instars (first and second) to
 
lower their rate of development.
 It can be related to a
 
survival mechanism which delays the development until the
 
field temperature become warm and the abundance of food is
 
ensured. No significant differences were found for the last
 
three larval instars in 1993 and the second and third larval
 
instars in 1994 (Table VI-2).
 
In summary, the seasonal phenology study suggests that
 
under the Willamette Valley conditions, the filbert leafroller
 
eggs began to hatch in the second or the third week of March.
 
The larval life span ranged from 5-11 weeks and the first
 
pupae formed during the  last week of May. The initial adult
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emergence ranged from May 31 to June 5, peaked during the
 
second and the third week of June. The adults emerged for an
 
average of 34 days. The average preoviposition period was 2.5
 
days, and the oviposition period was close to 15-20 days.
 
Adults started to oviposit eggs in the first week of June,
 
peaked during the second week of the same month. The adult
 
life span ranged from 5-32 days with an average of 17 days.
 
The thermal units required for all these biological events are
 
described.
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CHAPTER  VII
 
A PHENOLOGY MODEL FOR PREDICTING ADULT EMERGENCE OF THE
 
FILBERT LEAFROLLER, ARCHIPS ROSANUS L.
 (LEPIDOPTERA:

TORTRICIDAE)
 
Abstract
 
Based on three years of pheromone trap catch data and
 
estimated thermal unit (TU)  requirements for the filbert
 
leafroller, Archips rosanus L.
 (Lepidoptera: Tortricidae)
 
adult emergence in the Willamette Valley of Oregon, a
 
predictive model was developed.  Different levels of adult
 
emergence were predicted as a function of summation of thermal
 
units (TU) starting from March 1st with a 6 °C developmental
 
threshold. The model predicted the initial adult emergence at
 
513.5 TU and peak emergence at 774.2 TU. The model was
 
validated in 1994 by using pheromone trap catches, and was
 
found to be  highly accurate.
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Introduction
 
Filbert production in the United States is limited to the
 
states of Oregon and Washington and over 95% of the  crop area
 
is concentrated in the Willamette Valley of Oregon (Baron and
 
.
 Stebbins 1981)  Insect pests including the filbert leafroller,
 
Archips rosanus L.  cause substantial damage to this crop
 
(AliNiazee 1974,  1977, 1980).
 
Since the identification of a mixture of two compounds,
 
cis-11-tetradecenyl acetate and cis-11-tetradecen-l-ol
 
(Roelofs et al. 1976)  as a sex attractant, the synthetic sex
 
pheromone traps have been used to determine the adult flight
 
activity (AliNiazee 1976, 1977) of this insect. Predicting the
 
seasonal occurrence is essential for accurate scheduling of
 
census samples and control tactics (Wagner et al. 1984).
 
Temperature greatly affects developmental rate of insects,
 
which in turn influences their seasonal occurrence and
 
population dynamics (Andrewartha and Birch 1954, Ratte 1984).
 
Temperature requirements for development,
  thermal thresholds
 
for various life history stage, thermal units required for
 
different biological events and seasonality of development of
 
A. rosanus have been described in Chapters II, III, IV, and
 
VI. Predictive temperature-driven pest phenology models have
 
been widely developed and implemented in agriculture and
 
forestry for both effective monitoring and management
 
programs. They are important components of the  filbert IPM
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program in Oregon as well (AliNiazee 1979, 1983, Calkin et al.
 
1983). Since the phenology of various biological events of a
 
given insect species is closely related to physiological time
 
(AliNiazee 1979, Pruess 1983),  the present study was carried
 
out to develop and validate a phenology model for predicting
 
adult emergence levels of the filbert leafroller, A.
  rosanus
 
L. under Willamette Valley conditions.
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Materials and Methods
 
Field studies were conducted in a heavily infested
 
filbert orchard near Albany,  Oregon. The adult emergence
 
pattern for three years (1977, 1981 and 1982) using sex
 
pheromone traps at three locations near Corvallis was
 
collected from data file developed by AliNiazee and coworkers
 
( AliNiazee, unpuplished).  In 1994, Pherocon traps (TRECE
 
incorporated, Salinas, Calif.) with a plastic pheromone
 
dispenser, were used to detect the first and subsequent
 
emergence levels by placing four traps in heavily infested
 
orchards near Albany, Oregon.  The traps were placed in the
 
trees at a height of about 1.8 m on May 24, 1994 and emergence
 
monitored for a period of 8 weeks. Counts were taken twice a
 
week and each time a count was taken, the traps were serviced.
 
The pheromone caps were changed after six weeks and trap
 
bottoms were changed whenever they were found full of debris
 
and insects, generally in three to four weeks. Developmental
 
thresholds and thermal units (TU)  requirements for different
 
biological events of filbert leafroller were determined and
 
reported earlier (Chapters III and VI). Based on these
 
studies, a generalized thermal threshold of 6°C was used for
 
adult emergence. Meteorological data was collected from Hyslop
 
Exp. Station and thermal units were calculated from maximum
 
and minimum temperature according to Baskerville and Emin
 
(1969) using Pasheat Computer Program.  March 1st was used as
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the starting date for accumulation of thermal units (TU) since
 
prior to this date very little development of filbert
 
leafroller occurs under field conditions  (Chapter VI). The
 
model was developed based on mean thermal unit accumulation
 
during a 3-year period for emergence of different levels of
 
the adult population. The model was validated in 1994 using
 
trap catch data, the actual adult emergence was plotted
 
against the model predicted curve to determine accuracy. The
 
predictions of adult emergence levels were presumed acceptable
 
if they fell within a 5% deviation from actual for the 1% and
 
10% levels of adult emergence. The deviation was determined by
 
calculating the number of thermal units  (TU) required for
 
predicted vs actual time of adult emergence. The other levels
 
of adult emergence are of little importance, consequently a
 
10% deviation from model prediction was considered acceptable
 
(AliNiazee 1979).
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Results and Discussion
 
A predictive phenology model was developed based on three
 
years of trap data based on a physiological time scale
 
(thermal units). The thermal unit (TU) requirements for
 
different levels of adult emergence are given in Table VII-1.
 
The emergence prediction and actual emergence data are shown
 
in Figure VII-1. The data indicated that the 1st emergence of
 
A. rosanus adults in the Willamette Valley occurs at an
 
accumulation of 513 TU and 50% emergence at 737 TU. The
 
progression from 1st emergence to 50% emergence required 224
 
TU and from 1st to 90% emergence 545 TU. A comparison of the
 
model prediction and actual 1994 trap catch data suggests that
 
the model predictions were very close to the actual events.
 
For example, the model predicted one percent (1%) emergence at
 
513.5 TU starting March 1. The actual emergence occurred at
 
523.1 TU in 1994 (the difference between predicted and actual
 
initial adult emergence was + 9.6 TU, indicating the closeness
 
of these two counts). Using a 5% deviation from the total
 
number of TU required for occurrence of a particular event, it
 
appeared that emergence predictions were highly accurate
 
(Figure VII-1). The actual adult emergence closely followed
 
the predicted emergence (Figure VII-1).  The deviation in TU as
 
well as percent expected emergence between predicted and
 
actual events shown in Table VII-2, also indicates the
 
closeness of these two parameters.
 Table VII-1. Archips rosanus adult emergence pattern in relation to physiological
 
Percent
 
emergence
 
1
 
5
 
10
 
20
 
30
 
40
 
50
 
60
 
70
 
80
 
90
 
Total
 
time (thermal units) based on 3 years pheromone trap catch data.
 Corvallis, OR.
 
Total TU required
 
Starting March 1
 
513.5
 
549.9
 
590.8
 
618.5
 
658.7
 
704.6
 
737.9
 
776.9
 
830.3
 
918.1
 
1058.6
 
545.1
 
TU required from one
 
event to another
 
513.5
 
36.4
 
40.9
 
27.7
 
40.2
 
45.9
 
33.3
 
39.0
 
53.4
 
87.8
 
140.5
 
545.1
 Figure VII-1. Predicted and actual percent cumulative adult emergence of Archips

rosanus. Corvallis, OR, 1994.
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 Table VII-2. Deviation in percent emergence and thermal units between predicted

and actual values, 1994.
 
Percent  Total thermal units required
  Deviation from predicted
 emergence  Starting March 1 
Predicted  Actual  Thermal Units  %  Emergence 
1  513.5  523.1  +9.6  +0.01 
5 
10 
20 
30 
40 
50 
549.9 
590.8 
618.5 
658.7 
704.6 
737.9 
543.1 
558.0 
564.7 
583.5 
597.1 
664.6 
-6.8 
-32.8 
-53.8 
-75.2 
-107.5 
-73.3 
-0.06 
-0.6 
-1.9 
-3.8 
-7.2 
-5.5 
60 
70 
80 
90 
Total 
776.9 
830.3 
918.1 
1058.6 
545.1 
720.7 
795.7 
870.7 
1003.2 
480.1 
-56.2 
-34.6 
-47.4 
-55.4 
-4.6 
-3.1 
-4.4 
-4.9 157
 
Data presented in this paper (Table VII-2 and Figure VII­
1) show that predictions of adult emergence with a relatively
 
high degree of accuracy is possible with A.  rosanus using a
 
simple thermal accumulation concept. The closeness of
 
predicted and actual events (less than a 51 deviation in
 
thermal units requirement for one and ten percent emergence)
 
suggests that this model could be an useful tool in developing
 
a management program for controlling this insect in the
 
Willamette Valley of Oregon.  In fact, incorporation of this
 
model into the current IPM program on filberts (AliNiazee
 
1983, Calkin et al. 1983) would be a desirable addition.  The
 
adult emergence prediction could substantially improve the
 
implementation of IPM on filberts.
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CHAPTER  VIII
 
SUMMARY AND CONCLUSION
 
The developmental biology of the filbert leafroller,
 
Archips rosanus L.,
 (Lepidoptera: Tortricidae) in the
 
Willamette Valley of Oregon was studied in the laboratory
 
under different temperature and photoperiod conditions.
 
Results indicated that both temperature and photoperiod had a
 
significant influence on the developmental rates of this
 
species (Table II-1 to 9). There was a linear response in
 
development as temperatures increased from 12-24°C. At lower
 
temperatures and at higher temperatures, the response was non­
linear. The effect of photoperiod was completely non-linear.
 
Data showed that the longest mean developmental time of 99.6
 
± 8.4 days, 98.2 ± 7.3 days, and 98.8 ± 7.8 days, was recorded
 
for females, males and combined sexes, respectively, at 12°C
 
and 16L:8D photoperiod. The shortest mean developmental time
 
of 21.2 ± 0.6 days for the male and 22.1 ± 0.5 days for
 
combined sexes occurred at 28°C and OL:24D photoperiod (Table
 
11-7 to 9). The shortest mean developmental time of 22.6 ± 0.3
 
days was observed for females at 28°C  and 20L:4D photoperiod
 
(Table 11-8). Although the temperature effect was expected,
 
the significant role of photoperiod was surprising. In
 
general, results suggested that fastest growth occurred at
 
24L: OD photoperiodic treatment and the slowest growth occurred
 
at 16L:8D photoperiod.
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There were marked differences in the life span of
 
different larval instars (Table II-10).  For instance, the
 
longest larval time was spent in the fifth instar followed by
 
the first, fourth, second and third.  Approximately 27.9% of
 
the total larval time was spent in the fifth, 25.6% in the
 
first, 16.6% in the fourth, 15.9% in the second and 15.1% in
 
the third larval instars. Days required for neonate larvae to
 
reach the adult stage were significantly different among the
 
different constant temperatures (Table 11-12).  An average of
 
43 days was required for A.  rosanus to achieve approximately
 
93% of adult emergence. The effect of  temperature and
 
photoperiod on the growth and development of filbert
 
leaf roller is reported here for the first time.
 
Developmental thresholds and thermal unit (TU)
 
requirements for the different larval instars and the pupal
 
stage were determined for males and females separately and
 
combined (Figure III-1 to 6, Table III-1 and 2). Data showed
 
that the egg stage had the highest thermal threshold (7.13°C)
 
followed by the first larval instar (6.77°C), while the fifth
 
larval instar had the lowest thermal threshold  (4°C). General
 
developmental thresholds of 5.33°C and 6°C were determined for
 
the complete larval stage and from neonate larvae to adult
 
eclosion for both sexes combined. The thermal requirements
 
(Table 111-2) were also determined for A.  rosanus from neonate
 
larvae to adult emergence. Data showed that different larval
 
instars and the pupal stage required different numbers of
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thermal units for development.  A total of 350.63 TU were
 
required for development from the first instar to pupation,
 
and pupae required 147.13 TU for development. A total of
 
496.65 TU were required for development from larva to adult
 
eclosion. The larval instars, first,  second, third, fourth,
 
and fifth, and pupa represented approximately 16, 11, 10, 12,
 
and 21, and 30% of the total developmental time from egg hatch
 
to adult emergence, respectively. The developmental threshold
 
of A. rosanus is reported here for the first time.
 
The role of photoperiod and temperature in the diapause
 
induction was studied under laboratory conditions. Data
 
indicated that both photoperiod and temperature appear not to
 
play any role in diapause induction in A. rosanus (Table IV-1
 
and 2). Manipulation of these factors by providing short-day
 
and long-day combinations to different life history stages
 
failed to avert diapause in this species.  This evidence
 
suggests that this insect does not respond to environmental
 
factors as token stimuli for diapause induction and diapause
 
is highly fixed, controlled by the genetic component.
 
Laboratory exposure to cold temperatures caused differential
 
maturation of diapause depending upon the length of such
 
exposure and the temperature (Table IV-3 and 4). The maximum
 
diapause depth appears to have been reached between 96 and 154
 
days of exposure to cold temperature  at 3°C. The sensitivity
 
of eggs to post-diapause development was reduced as they were
 
exposed to higher (6 and 9 °C) chilling temperatures. Under
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Willamette Valley conditions, diapause in some individuals was
 
completed by the middle of January but the majority of the
 
eggs completed diapause by 1st of March. Diapause maturation
 
and completion occurred when about 110-115 chilling units (CU)
 
had accumulated in the field.
 
The oviposition, adult longevity and fecundity of the
 
filbert leaf roller, Archips rosanus L.  (Lepidoptera:
 
Tortricidae) were examined under laboratory conditions. Data
 
indicated that both temperature and photoperiod had a
 
significant influence on adult longevity (Table V-1 to 8 and
 
Figure V-1 to 3). Temperature had a dominant effect on
 
fecundity, while photoperiod was less important. The optimum
 
temperature for adult fecundity was 20°C. The thermal threshold
 
for ovipositing was estimated to be 12.22°C and the optimum
 
percentage (86.11A) of females oviposited at 20°C.
 
Field studies on seasonality of A. rosanus were conducted
 
during 1992-1994 seasons in the Willamette Valley of Oregon.
 
Data indicated that the diapausing eggs began to hatch
 
approximately between the second and third week of March
 
(Table V -5). Larval life span ranged from 5-11 weeks. The
 
first pupa appeared during the last week of May with an
 
average of 379 TU requirements. Initial adult emergence ranged
 
from May 31 to June 5 and required 496 TU and last emergence
 
occurred as early as July 1 or as late as July 9. Peak adult
 
emergence occurred between the second and the third week of
 
June. The interval between first female emergence and
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oviposition varied from 1 to 6 days with an average of 2.5
 
days, requiring 549 TU. Peak oviposition occurred during the
 
second week of June at about 636 TU. The adult life  span
 
ranged from 5-32 days with an average of 17 days (Table VI-8).
 
A phenology model for predicting adult emergence based on
 
a physiological time scale was developed (Table VII-1 and 2,
 
Figure VII-1)  The model predicted the initial adult emergence
 .
 
at 513.5 thermal units (TU) and peak emergence at 774.2 TU.
 
The model was  validated during 1994 and was found to be
 
highly accurate.
 
In conclusion, this research data showed that photoperiod
 
and temperature influence the growth and development of A.
 
rosanus separately and collectively. The effect of these
 
factors varied from stage to stage, and these effects are
 
reported here for the first time. Further studies on the
 
intra-population variations in this species would be useful.
 
The utilization of the adult phenology model developed here
 
could add substantially to the hazelnut IPM program in Oregon.
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